Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


FEB.  1963 


POTO 


BASIN 

REPORT 


REPORT  ON  THE  WATER 
AND  RELATED  LAND  RESOURCES 


v 


U.  S.  DEPARTMENT  OF  AGRICULTURE 


A&-33  Bookplate 
U-*) 


NATIONAL 


LIBRARY 

i 

i 

; 

i 


REPORT  ON  THE  WATER  AND  RELATED  LAND  RESOURCES  IN  THE  POTOMAC  RIVER  BASIN 

>5 


PREPARED  BY 

THE  U.  S.  DEPARTMENT  OF  AGRICULTURE 

6 


U.s.  DEPT.  OF  AGRICULTURAL 
RATIONAL  AGRICULTURAL  LIBRARY 

MAY  1 9 1980 


CATALOGING  = EREP, 


737079 


CONTENTS 

Paragraph  Page 

SUMMARY  AND  RECOMMENDATIONS 

THE  BASIN'S  WATER  PROBLEMS  1 

THE  REPORT  2 

DESCRIPTION  OF  THE  BASIN  3 

BASIN  TRENDS  5 

RESULTS  OF  THE  INVESTIGATION  7 

CONCLUSIONS  9 

RECOMMENDATIONS  10 


INTRODUCTION 


AUTHORIZATION  AND  SCOPE  OF  THE  COMPREHENSIVE  PLAN  11 

OBJECTIVES  OF  THE  U.  S.  DEPARTMENT  OF  AGRICULTURE'S 

SURVEY  12 

SECTION  I - PROJECTIONS  AND  SOURCES  OF  DATA 

1.  POPULATION  AND  RELATED  USE  PROJECTIONS  13 

2.  IMPROVED  TECHNOLOGY  AND  FUTURE  LEVELS  OF  MANAGEMENT  13 

3.  PHYSIOGRAPHIC  REGIONS  AND  SUB-AREAS  15 

4.  ADAPTATION  OF  THE  CONSERVATION  NEEDS  INVENTORY  TO 

THE  POTOMAC  RIVER  BASIN  15 

5.  DELINEATION  OF  SUB -WATERSHEDS  WITHIN  THE  POTOMAC 

RIVER  BASIN  18 

6.  USE  OF  DATA  FROM  SAMPLE  WATERSHEDS  18 

7.  USE  OF  DATA  FROM  SAMPLE  AREAS  20 

SECTION  II  - THE  POTOMAC  RIVER  BASIN 

8.  GENERAL  21 


i 


Paragraph  Page 

9.  DESCRIPTION  AND  AGRICULTURAL  USE  OF  THE  BASIN 

BY  PHYSIOGRAPHIC  REGIONS  21 

10.  TRENDS  IN  POPULATION  GROWTH  28 

11.  TRENDS  AND  PROJECTIONS  IN  LAND  USE  AND  MANAGEMENT  28 

SECTION  III  - THE  WATER  RESOURCE  PROBLEMS  OF  THE  BASIN 

12.  PROBLEMS  RELATED  TO  HIGH  AND  LOW  FLOWS  31 

13.  THE  WATER  SUPPLY  PROBLEM  32 

14.  PROBLEMS  OF  WATER  QUALITY  33 

SECTION  IV  - THE  WATER  RESOURCE  PROBLEMS 
AS  RELATED  TO  AGRICULTURE 

15.  IMPACT  OF  WATER  RESOURCE  PROBLEMS  ON  LAND  USE  AND 

MANAGEMENT  36 

16.  CONTRIBUTIONS  OF  THE  USE,  CONDITION,  AND  MANAGE- 

MENT OF  LAND  TO  THE  WATER  RESOURCE  PROBLEM  37 

17.  IMPACT  OF  FUTURE  LAND  USE , CONDITIONS , AND  MAN- 

AGEMENT ON  THE  WATER  RESOURCES  42 

18.  PRESENT  DEMAND  FOR  WATER  BY  RURAL  USERS  50 

19.  FUTURE  DEMANDS  FOR  WATER  IN  RURAL  AREAS  BASED 

ON  PROJECTED  DEVELOPMENTS  61 

SECTION  V - UPSTREAM  STRUCTURAL  MEASURES 

20.  THE  ROLE  OF  THE  UPSTREAM  STRUCTURAL  MEASURES  69 

21.  POTENTIAL  FOR  UPSTREAN  STRUCTURAL  DEVELOPMENT  69 

SECTION  VI  - THE  PLAN  FOR  UPSTREAM  STRUCTURAL  MEASURES 

22.  WATER  SUPPLY  AND  WATER  QUALITY  DEVELOPMENT  72 

23.  DEVELOPMENT  FOR  REDUCTION  OF  FLOOD  DAMAGES  77 

24.  RECREATION  BENEFITS  88 


ii 


Paragraph  Page 

25.  PROJECT  DESIGN  CRITERIA  90 

26.  ESTIMATES  OF  COSTS  AND  BENEFITS  94 

27.  SUMMARY  OF  PLAN  FOR  UPSTREAM  STRUCTURAL  MEASURES  105 


iii 


TABLES 


No.  Page 

1.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  1958  41 

2.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  1938  43 

3.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  1952  44 

4.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  1958  45 

5.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  1985  46 

6.  ESTIMATED  ACREAGE  IN  EACH  LAND  USE,  2010  47 

7.  ESTIMATES  OF  NEEDS  FOR  CONSERVATION  TREATMENT 

OF  EXPECTED  CROPLAND  ACREAGE,  1935  51  - 52 

8.  ESTIMATES  OF  NEEDS  FOR  CONSERVATION  TREATMENT 

ON  EXPECTED  ACREAGE  OF  PASTURE,  1985  53  - 54 

9.  ESTIMATE  OF  CONSERVATION  MEASURES  AND  PRACTICES 

NEEDED  ON  EXPECTED  FUTURE  FOREST  AREA  BY  REGIONS  55  - 57 

10.  ESTIMATES  OF  NEEDS  FOR  CONSERVATION  TREATMENT  OF 

EXPECTED  ACREAGE  OF  OTHER  LAND,  1985  58  - 59 

11.  ESTIMATED  IRRIGATION  WATER  QUANTITIES  BY 

SUB- WATERSHEDS  FOR  PEAK  MONTH  (JULY)  65 

12.  ESTIMATED  ANNUAL  RURAL  WATER  REQUIREMENTS, 

EXCLUDING  IRRIGATION,  1960  66 

13.  ESTIMATED  ANNUAL  RURAL  WATER  REQUIREMENTS , 

EXCLUDING  IRRIGATION,  1985  67 

14.  ESTIMATED  ANNUAL  RURAL  WATER  REQUIREMENTS, 

EXCLUDING  IRRIGATION,  2010  68 

15.  NUMBER  AND  PROJECT  PURPOSE  OF  STRUCTURES  BY  SUB- 

WATERSHEDS INCLUDED  IN  THE  PLAN  FOR  THE  COMPRE- 
HENSIVE DEVELOPMENT  OF  WATER  RESOURCES  71 

16.  UPSTREAM  STRUCTURES  NEEDED,  BY  TIME  INTERVALS,  FOR 

WATER  SUPPLY  AND  WATER  QUALITY  REQUIREMENTS  78-82 

17.  ESTIMATED  UPSTREAM  FLOOD  PLAIN  LAND  USE  WITH  AND 

WITHOUT  PROTECTION  83 


IV 


No.  Page 


18.  COSTS  AND  BENEFITS,  INCLUDING  INCIDENTAL  RECREATION 

BENEFITS,  OF  FLOOD  PREVENTION  DEVELOPMENT  BY 

SUB-WATERSHEDS  84 

19.  SUMMARY  OF  AVERAGE  ANNUAL  FLOOD  DAMAGES  BY  TYPES 

FOR  THE  UPSTREAM  AREAS  87 

20.  TOTAL  FIRST  COSTS,  AVERAGE  ANNUAL  EQUIVALENT  COSTS, 

AND  AVERAGE  ANNUAL  BENEFITS  FOR  UPSTREAM 

STRUCTURAL  MEASURES  105 

21.  UPSTREAM  STRUCTURAL  MEASURES  106  - 121 


v 


FIGURES 


No.  Page 

1.  OFFICE  OF  BUSINESS  ECONOMICS  STUDY  AREAS  14 

2.  PHYSIOGRAPHIC  REGIONS  16 

3.  PHYSIOGRAPHIC  REGIONS  AND  SUB-AREAS  17 

4.  SUB- WATERSHEDS  OF  THE  BASIN  19 

5.  PROJECTED  CHANGES  IN  LAND  USE  29 

6.  ACRES  TO  BE  IRRIGATED,  1985  (ESTIMATED)  63 

7.  ACRES  TO  BE  IRRIGATED,  2010  (ESTIMATED)  64 

8.  COVER  SHEET  FOR  MULTIPLE  PURPOSE  STRUCTURE  NE-P  #14  95 

9.  DAMSITE  AND  STORAGE  AREA  OF  MULTIPLE  PURPOSE  STRUCTURE  96 

10.  PLAN  OF  STORAGE  AREA  97 

11.  PROFILES  98 

12.  SEEPAGE  DRAIN  DETAILS  99 

13.  PLAN-PROFILE  OF  PRINCIPAL  SPILLWAY  100 

14.  RISER  STRUCTURAL  DETAILS  101 

15.  RISER  STEEL  LAYOUT  102 

16.  CRADLE -COLLAR- TRASH  RACKS  AND  MISCELLANEOUS  DETAILS  103 

17.  GENERAL  LOCATION  AND  PROJECT  PURPOSE  OF  INDIVIDUAL 

STRUCTURES  INCLUDED  IN  THE  PLAN  (In  Pocket) 

<# 


REPORT  ON  THE  WATER  AND  RELATED  LAND  RESOURCES  IN  THE  POTOMAC  RIVER  BASIN 

BY 

THE  U,  S.  DEPARTMENT  OF  AGRICULTURE 


SUMMARY  AND  RECOMMENDATIONS 
THE  BASIN'S  WATER  PROBLEMS 

The  principal  water  resource  problems  in  the  Potomac  River  basin  are 
(1)  floods,  (2)  stream  pollution,  (3)  water  supply,  and  (4)  the  demands 
for  the  recreational  use  of  water. 

The  flood  problem.  Floods  causing  widespread  damage  occur  on  an  av- 
erage of  once  every  10  to  12  years  within  the  Potomac  River  basin.  The 
more  recent  floods  of  1936,  1942,  and  1949  caused  extensive  damages  to 
agricultural  areas,  urban  communities,  and  transportation  and  communica- 
tion facilities. 

Even  more  frequent  flooding  occurs  in  the  upper  tributaries  through- 
out the  basin.  Although  the  rainfall  is  distributed  rather  uniformly 
throughout  the  year,  summer  rainfall  is  often  characterised  by  intense 
thunderstorms  that  cause  localized  flooding.  These  frequent  floods  cause 
land  damage  from  streambank  erosion,  damage  to  growing  crops,  infertile 
overwash,  and  flood  plain  scour.  They  also  cause  damage  to  minor  agri- 
cultural improvements,  secondary  roads,  bridges,  homes,  stores,  and  urban 
areas  and  industries.  In  addition,  they  create  problems  in  maintaining 
stream  channel  capacity  because  of  sediment  deposition. 

Because  upper  tributary  damages  are  widely  scattered,  may  occur  in- 
frequently at  any  one  point,  and  seldom  reach  catastrophic  proportions, 
data  on  their  total  effect  are  difficult  to  obtain.  In  the  aggregate, 
however,  they  represent  a significant  economic  loss. 

The  pollution  problem.  Pollution  of  the  waters  of  the  Potomac  River 
and  its  tributaries  has  been  a growing  problem  for  nearly  a century.  Dis 
charge  of  industrial  waste  became  serious  in  the  early  1900's,  particular 
ly  in  the  areas  of  the  North  Branch  and  in  the  Shenandoah  Valley.  Acid 
waters  draining  from  coal  mines  contributed  to  the  deterioration  of  the 
water  quality  in  western  Maryland  and  West  Virginia.  Pollution  from  sedi 
ment  began  causing  concern  in  the  1860's  and  became  more  serious  with  the 
destruction  of  forests  on  the  watershed  and  the  continuance  of  poor  land 
use  practices  on  the  farmland.  This  problem  was  further  aggravated  by 
sediment  contributions  from  real  estate  developments  in  the  rapidly  ex- 
panding urban  areas. 

The  water  supply  problem.  At  present,  water  supplies  in  the  basin 
are  obtained  generally  from  local  springs  or  wells  or  small  tributaries 
for  the  rural  area  needs  and  from  deep  wells  or  the  larger  streams ' for 


the  urban  areas.  The  cities  of  Hagerstown,  Maryland,  and  Shepherdstown, 
West  Virginia,  obtain  their  water  from  the  main  stem  of  the  Potomac  Ri- 
ver.  The  Washington  metropolitan  area  obtains  most  of  its  water  from 
the  Potomac.  In  addition,  about  60  urban  areas  draw  their  water  from 
the  tributary  streams.  Natural  flows  have  in  the  past  been  sufficient 
to  supply  the  municipal  and  industrial  needs  in  most  areas.  However, 
shortages  are  occurring  in  some  localities.  Projected  population  growth 
and  industrial  expansion,  plus  the  projected  development  in  agricultural 
and  recreational  activities  in  the  basin,  indicate  that  the  available 
water  resources  in  their  present  state  of  development  cannot  meet  the 
future  demand  for  relatively  pure  water. 

Quantity  and  quality  requirements  for  the  recreational  use  of  water. 
Demands  for  the  recreational  use  of  water  for  swimming,  boating,  fishing, 
hunting,  and  other  water  sports  are  growing  and  creating  pressures  from 
many  groups.  Simultaneously,  usable  resources  for  water-based  recreation 
are  diminishing  in  the  face  of  the  pollution  situation  and  demands  for 
increased  supplies  for  municipal,  industrial,  and  other  uses. 

THE  REPORT 


This  report  is  based  on  a study  of  the  water  and  related  land  re- 
sources in  the  Potomac  River  basin  and  presents  that  part  of  the  compre- 
hensive plan  for  the  prevention  or  control  of  floods  and  the  development 
and  conservation  of  the  water  and  related  land  resources  with  respect  to 
present  and  future  needs  in  the  upstream  portions  of  the  basin. 

The  survey  and  investigations  covered  present  rural  land  and  water 
use  and  management  in  relation  to  the  major  water  resource  problems  in 
the  basin.  They  also  considered  past  use  and  management  as  a basis  for 
establishing  trends  leading  to  projections  of  necessary  development  pro- 
grams from  now  to  2010. 

Determination  of  overall  water  needs  and  an  analysis  of  possible 
means  of  development  and  control  for  a comprehensive  plan  required  a 
joint  appraisal  by  contributing  agencies.  It  included  expected  future 
municipal,  industrial,  agricultural,  and  recreational  developments  and 
water  needs  in  the  basin. 

The  Department  of  Agriculture  developed  information  on:  (1)  trends 

in  agricultural  development  and  their  relation  to  present  and  future  wa- 
ter needs  for  agriculture,  (2)  erosion  as  it  relates  to  the  sediment  and 
pollution  problems,  (3)  local  needs  for  water  control  and  management  in 
the  upstream  areas,  and  (4)  the  potential  of  upstream  development  for 
meeting  these  problems. 

In  addition,  the  Department  of  Agriculture  developed  information 
for  the  Corps  of  Engineers  on  past  agricultural  flood  damages  on  the 
main  stem  and  major  tributaries  and  the  impact  of  suggested  major  reser- 
voirs on  agriculture  and  other  rural  land  use  in  the  basin.  This 
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information  was  considered  by  the  Corps  of  Engineers  in  the  formulation 
of  a selected  plan  and  alternatives  for  improvement  of  the  main  stem 
and  major  tributaries. 

DESCRIPTION  OF  THE  BASIN 

Potomac  River  basin.  The  Potomac  basin  embraces  an  area  of  about 
14,600  square  miles.  It  includes  the  District  of  Columbia  and  parts  of 
Maryland,  West  Virginia,  Virginia,  and  Pennsylvania.  It  has  a popula- 
tion of  nearly  3 million  people.  The  beauty  of  the  streams,  fields,  and 
forests  of  the  basin  has  made  it  a recreational  area  for  increasing 
thousands  of  people. 

The  terrain  of  the  basin  varies  from  the  flat  Coastal  Plains  to 
the  mountainous  eastern  slope  of  the  Alleghenies.  Between  these  ex- 
tremes are  the  rolling  country  of  the  Piedmont  Plateau,  the  Great  Val- 
ley of  the  Shenandoah,  and  the  Appalachian  Highlands. 

The  soils  of  the  basin  range  from  the  unconsolidated  strata  of 
sands,  gravels,  clays,  and  silts  of  the  Coastal  Plain  to  those  derived 
from  sandstone  and  shales  typical  of  the  eastern  slope  of  the  Allegheny 
Mountains.  The  soils  of  the  Piedmont  Plateau  are  derived  from  crystal- 
line and  sedimentary  rocks  and  the  soils  of  the  Appalachian  Valley  are 
derived  from  limestone.  Settlement  and  development  of  the  basin  pro- 
ceeded in  a large  degree  in  relation  to  the  physical  characteristics 
imposed  by  the  topography  and  soils  of  the  respective  regions. 

The  river  has  been  used  as  a source  of  food,  power,  domestic  and 
industrial  water  supply,  and  as  a highway,  a medium  of  recreation,  a 
means  of  waste  disposal,  and  as  a defense  barrier.  As  in  other  basins, 
the  resources  were  freely  used.  The  timber  was  harvested  with  little 
regard  to  future  production.  The  land  was  farmed  without  regard  to 
loss  of  soil  by  erosion  or  the  sedimentation  of  streams.  Coal  was 
mined,  and  large  quantities  of  mine  acid  were  wasted  into  the  streams. 
All  these  resulted  in  degrading  the  quality  of  the  water  for  water 
supply,  cooling  purposes,  and  the  marine  life  in  the  streams. 

Early  settlers  found  an  abundance  of  land,  water,  and  timber.  Al- 
though there  are  numerous  indications  of  much  past  mistreatment,  these 
resources  still  make  substantial  contributions  to  the  economy  of  the 
basin.  However,  they  have  the  inherent  potential  necessary  to  make 
much  greater  contributions  under  intensified  management  and  protection. 

Basin  population.  For  more  than  a century  population  has  grown  at 
a faster  rate  in  the  Washington  metropolitan  area  than  in  the  basin  as 
a whole,  but  the  growth  became  spectacular  in  the  mid- thirties . Since 
1900,  the  urban  area  has  expanded  from  a closely  built-up  area  of  7 
square  miles  in  Washington,  D.C.,  and  a smaller  area  in  Alexandria, 
Virginia,  to  encompass  more  than  300  square  miles  at  present.  At  the 
current  rate,  for  example,  more  than  5 square  miles  of  development  are 
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added  each  year  to  the  urbanized  area  of  greater  Washington. 

The  overall  basin  population  increased  from  about  500,000  people 
in  1850  to  almost  3 million  in  1960.  By  1985  it  is  expected  to  increase 
to  almost  5 million.  By  2010  it  is  expected  to  exceed  7 million.  In, 

1910  the  farm  population  in  the  basin  had  reached  a peak  of  about  300,000. 
By  1950  it  had  declined  to  less  than  278,000.  It  is  expected  to  decline 
to  about  200,000  by  1985  and  to  about  113,000  by  2010.  Increases  in  the 
non- farm  population  of  the  open  country  areas  are  expected  to  more  than 
offset  the  decline  in  farm  population. 

Since  economic  growth  stems  from  attempts  to  satisfy  human  needs 
and  wants,  all  resource  uses  may  be  considered  to  be  related  to  popula- 
tion. Consequently,  changes  in  land  use  in  the  Potomac  River  basin  are 
closely  related  to  the  growth,  distribution,  and  income  characteristics 
of  its  population.  Past  trends  in  population  and  land  use  were  used  as 
basic  data  for  developing  projections  of  these  trends  into  the  future. 

The  projections  assume  that  the  forces  which  produced  our  dynamic,  ex- 
panding national  economy  will  continue  to  exert  a similar  influence  in 
the  future. 

Present  use  and  management  of  the  land.  The  treatment  of  the  land 
usually  is  reflected  in  the  quantity  and  quality  of  flows  in  the  streams. 
The  abuse  of  land  or  improper  management  of  its  cover  in  the  headwaters 
of  a watershed  contribute  to  flash  floods,  accompanied  by  sediment  depo- 
sition in  channels  and  reservoirs  and  serious  pollution  of  the  water  for 
downstream  users.  This  points  up  the  importance  of  a common  interest 
between  the  users  of  land  and  the  users  of  water. 

Slightly  less  than  2 percent  of  the  land  in  the  Potomac  River  basin 
is  without  some  degree  of  land  use  limitation.  The  remaining  98  percent 
is  subject  to  some  degree  of  permanent  limitation  in  land  use  because  of 
natural  land  characteristics.  About  half  of  this  land  is  suitable  for 
cultivation  with  the  corrective  measures  needed  to  protect  the  land  in 
this  use.  The  remaining  half  should  be  permanently  protected  with  a cov- 
er of  grass,  or  trees  and  shrubs.  The  lack  of  proper  farm  and  forest 
management  practices  has  resulted  in  severe  erosion  problems  on  approxi- 
mately 1,350,000  acres,  or  about  15  percent  of  the  land  surface  of  the 
basin.  An  additional  1,040,000  acres,  or  about  12  percent,  have  been 
subjected  to  moderate- to- severe  erosion.  Many  additional  acres  of  the 
lower  slopes  and  flood  plains  are  being  damaged  by  deposition  or  infertile 
overwash  as  a result  of  the  active  erosion. 

The  most  serious  effects  of  erosion  are  the  losses  of  topsoil  and 
the  depletion  of  the  soil  fertility.  Both  of  these  tend  to  reduce  the 
ability  of  watershed  land  to  produce  adequate  cover  to  help  the  soil  to 
absorb  and  hold  precipitation  and  reduce  rapid  runoff. 

Without  good  cover  the  quality  of  stream  water  is  also  affected. 
Sediment  interferes  with  the  self-purification  processes  of  a stream, 
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destroys  fish  and  vzildlife  habitat,  increases  costs  of  purifying  water 
supplies,  and  interferes  with  navigation  by  filling  the  channels  with 
erosional  debris. 

liore  than  three- four ths  of  the  basin's  forest  area  is  making  less 
than  an  adequate  contribution  to  the  protection  of  the  watershed  and 
reduction  of  rapid  runoff.  Similarly,  many  of  the  crops  grown  and  most 
of  the  pasture  cover  are  providing  less  watershed  protection  than  could 
be  attained  and  maintained  under  better  farm  management.  In  addition 
to  low  productivity,  this  lack  of  proper  use  and  management  results  in 
increased  flood  runoff  and  in  a reduction  of  the  volume  of  ground  water 
available  as  return  flow  to  the  streams  during  dry  periods. 

BASIN  TRENDS 

Trends  in  land  use  in  the  basin.  Agriculture  is  the  principal 
user  of  the  land  in  the  Potomac  River  basin.  About  54  percent  of  the 
lands  in  the  basin  are  in  forest  cover.  Crop  and  pasture  lands  occupy 
24  and  16  percent,  respectively.  There  has  been  relatively  little 
change  in  this  ratio  between  forest  and  cleared  land  during  the  last 
several  decades.  Indications  are  that  about  50  percent  of  the  basin 
area  will  remain  in  forest  cover  over  the  next  50  years.  However, 
two  major  forces  are  bringing  about  land  use  changes  within  the  open 
land  in  the  basin:  (1)  The  former  use  is  no  longer  profitable,  and 

(2)  higher  economic  returns  are  possible  in  some  other  use.  These  two 
forces  have  resulted  in  a decline  in  land  in  farms  from  about  7 million 
acres  in  1900  to  about  5.3  million  acres  in  1958.  This  acreage  is  ex- 
pected to  decline  to  less  than  4.5  million  acres  by  1985,  and  to  less 
than  4 million  acres  by  2010. 

Trends  in  the  basin  economy.  Despite  an  expected  large  decline 
in  the  crop  and  pasture  land  base  by  2010,  and  a corresponding  de- 
cline in  farm  population,  farm  production  is  expected  to  continue  to 
increase  throughout  the  50-year  period.  The  trend  toward  fewer  but 
larger  commercial  farms;  higher  yields  of  crops  and  livestock;  further 
specialization  of  production;  and  continued  technological  progress,  in- 
cluding conservation  farming,  will  contribute  to  a substantial  rise  in 
output  and  to  the  ability  of  farmers  to  achieve  large  increases  in  pro- 
duction with  fewer  inputs. 

Basin  farmers,  along  with  all  other  farmers,  will  continue  to  be 
faced  with  the  problem  of  balancing  production  to  market  demands.  Re- 
cently, rapid  technological  progress  in  all  phases  of  agricultural 
production  has  exceeded  the  growth  in  demand.  This  results  in  over- 
production and  relatively  unfavorable  economic  conditions  for  agricul- 
ture as  a whole  and  for  small,  inefficient  units  in  particular.  How- 
ever, the  economic  outlook  for  basin  farmers  differs  in  at  least  two 
major  respects.  First,  the  Potomac  River  basin  is  contiguous  to  one 
of  the  great  consumption  and  export  markets  of  the  world;  and,  second, 
most  of  the  people  in  the  basin  are  consumers  rather  than  producers  of 
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agricultural  products.  Farmers  in  the  basin  who  have  a sufficient  quan- 
tity of  high  quality  land  and  other  resources  can  realise  relatively  high 
incomes  from  the  production  of  milk,  eggs,  and  other  products  desired  in 
a "strictly  fresh"  condition.  Presently,  only  a small  minority  of  all 
farms  within  the  basin  are  large  commercial  farms  with  highly  productive 
land  and  high  incomes.  The  percentage  of  these  farms  is  expected  to  in- 
crease as  the  less  efficient  units  move  out  of  agriculture.  However, 
come  efficient,  highly  productive  farms  also  will  move  out  of  agriculture 
in  response  to  demand  for  space  by  urban  and  industrial  interests.  The 
amount  and  kinds  of  lands  withdrawn  will  be  a major  factor  in  the  future 
agricultural  economy  of  the  basin. 

Future  demands  for  water  by  rural  users.  During  the  next  50  years, 
the  annual  rural  water  requirements  in  the  basin,  excluding  irrigation, 
are  expected  to  increase  500  percent.  This  increase  is  attributed  pri- 
marily to  rising  standards  of  living  among  rural  people  and  increasing 
population  in  rural  areas.  The  non- farm  population  in  rural  areas  and 
small  towns  is  expected  to  increase  from  1,083,000  to  2,021,000  by  2010, 
while  the  farm  population  is  expected  to  decline  from  207,000  to  134,000. 
As  a result,  total  annual  rural  water  requirements,  exclusive  of  irriga- 
tion water,  are  estimated  to  increase  from  17  billion  gallons  to  100  bil- 
lion gallons.  Approximately  98  percent  of  the  projected  increase  is  at- 
tributed to  increased  population  and  increased  per  capita  use.  Annual 
livestock  requirements  are  estimated  to  increase  from  3.7  billion  gallons 
to  5 billion  gallons  by  2010.  Water  required  for  orchard  spraying  and 
other  agricultural  uses  is  predicted  to  remain  relatively  constant  at 
approximately  300  million  gallons  per  year. 

A part  of  the  supplies  necessary  to  meet  projected  requirements  for 
rural  uses  will  be  provided  by  ground  water  sources  as  at  present.  To 
supplement  the  ground  water  it  is  expected  that  farm  reservoirs  will  be 
developed  to  meet  livestock  and  other  agricultural  needs.  The  needs  of 
the  rural  communities  and  small  towns  will  be  provided  for  by  larger 
withdrawals  from  surface  streams  or  from  storage  in  the  upstream  reser- 
voirs . 

Evaluation  of  future  water  needs  for  irrigation  development  in  the 
Potomac  River  basin  revealed  that:  (1)  The  location  of  the  diversion 

could  create  localised  shortages  of  water  for  competing  users  during 
periods  of  drought;  (2)  since  the  primary  source  of  water  for  irrigation 
is  from  surface  supplies,  it  could  locally  be  in  direct  competition  with 
such  uses  as  municipal  water  supply  and  water  quality  control;  (3)  irri- 
gation requires  large  amounts  of  water  per  acre;  and  (4)  the  peak  demand 
for  irrigation  water  usually  occurs  during  July,  which  is  also  a peak 
demand  period  for  residential  and  other  non- farm  uses,  although  record 
low  flows  of  surface  streams  usually  occur  during  August  and  September. 

In  spite  of  these  possible  problems,  the  projected  irrigation  re- 
quirements indicate  little  or  no  conflict  with  other  water  uses,  because 
the  irrigated  areas  are  widely  scattered  and  the  total  water  required  is 
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a relatively  small  percentage  of  the  total  basin  requirements. 

More  than  400,000  acres  of  land  physically  suitable  for  irriga- 
tion lie  within  a reasonable  distance  of  permanently  flowing  streams. 

It  is  estimated  that  during  periods  of  severe  drought  approximately 
25,000  acres  of  crop  and  pasture  land  will  be  irrigated  by  1985,  and 
approximately  40,000  acres  by  2010.  This  represents  an  average  annual 
increase  of  approximately  3 percent. 

The  volume  of  water  estimated  to  meet  the  projected  needs  in  1985 
is  approximately  10,600  acre- feet  for  the  peak  month  (July)  and  a sea- 
sonal total  of  approximately  35,200  acre- feet.  For  the  year  2010,  it 
will  be  approximately  17,200  acre- feet  for  the  peak  month,  with  a sea- 
sonal total  of  approximately  59,000  acre- feet. 

RESULTS  OF  THE  INVESTIGATION 

The  effects  of  land  treatment.  Changes  in  rural  land  use,  together 
with  some  improvement  in  management  and  adequate  protection  against  fire, 
are  predicted  to  more  than  offset  the  unfavorable  hydrologic  aspects  of 
the  projected  increases  in  urban  development.  These  improvements  in  land 
use,  cover  conditions,  and  management  will  reduce  peak  flows  and  annual 
yields  and  increase  low  flows.  The  development  of  unit  hydrographs  in- 
dicated that  the  peak  flows  would  be  reduced  in  direct  proportion  to  the 
reduction  in  runoff.  The  percentage  of  reduction  of  peak  flows  will 
vary  with  the  amount  and  intensity  of  the  rainfall,  soil  moisture  con- 
ditions, and  the  season  of  the  year. 

With  improvement  in  hydrologic  conditions  more  of  the  precipitation 
from  a given  intensity  storm  will  infiltrate  into  the  soil.  Indications 
are  that  approximately  one-half  of  the  additional  infiltration  will  lat- 
er find  its  way  by  lateral  seepage  and  sub- surface  channels  into  the 
stream  channels  to  augment  low  flows . 

As  more  water  is  infiltrated  into  the  soil  and  more  transpiration 
and  deep  percolation  losses  occur,  there  will  be  a tendency  toward 
slight  decreases  in  gaged  annual  yields.  To  provide  an  indication  of 
the  projected  effects,  percentage  decreases  in  annual  yields  were  cal- 
culated as  one- fourth  of  the  increase  in  low  flows.  Slight  decreases 
in  annual  yields  are  indicated  in  all  areas  of  the  basin  except  the 
Coastal  Plain. 

Land  treatment,  as  indicated  by  the  National  Inventory  of  Conserva- 
tion Needs  developed  by  the  U.  S.  Department  of  Agriculture,  will  cause 
sediment  yields  to  decline  by  30  to  40  percent  in  rural  areas  located 
outside  the  Washington,  D.C.,  area.  However,  future  urban  expansion 
around  the  Washington  area  can  be  expected  to  cause  sediment  yields  of 
the  same  magnitude  as  at  present,  unless  some  control  is  invoked  on  the 
methods  of  land  clearing,  land  grading,  and  street  construction.  High 
sediment  yields  will  continue  until  full  development  is  reached,  and 
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only  then  will  it  decline  to  the  normal  low  soil-loss  rate  for  estab- 
lished urban  areas. 

Estimated  needs  have  been  computed  for  conservation  treatment  on 
expected  acreages  of  cropland,  pasture,  woodland,  and  other  lands  for 
the  year  1985.  Available  data  indicate  that  at  the  present  rate  of 
progress  it  will  take  from  50  to  75  years  to  establish  most  of  the 
needed  conservation  practices  on  agricultural  and  other  lands  of  the 
basin  and  to  develop  the  high  level  of  management  needed  to  bring 
about  the  improvements  needed. 

The  land  treatment  measures  will  have  to  be  supplemented  with 
structural  measures  to  bring  about  the  improvements  needed.  The  pri- 
mary function  of  the  upstream  structural  measures,  in  addition  to 
storing  water  for  water  supply  and  quality  improvement  and  recreation, 
will  be  to  reduce  peak  flows  and  provide  flood  protection  in  the  tri- 
butary watersheds  of  the  basin. 

The  plan  for  upstream  structural  measures.  Approximately  800 
sites  with  topographic  features  suitable  for  the  development  of  stor- 
age of  at  least  4 inches  of  runoff  from  the  contributing  drainage  area 
were  investigated.  The  cost  of  structures  at  these  sites,  singly  or  in 
various  combinations,  was  studied  in  relation  to  the  flood  prevention 
and  other  benefits  they  would  provide. 

In  a number  of  sub-watersheds  the  average  low  flows  were  not  suf- 
ficient to  meet  the  future  water  needs  of  the  upstream  areas.  In 
these  sub-watersheds  structure  sites  were  investigated  that  were  suit- 
able for  providing  supplemental  flows  either  through  the  provision  of 
additional  capacity  in  floodwater  retarding  structures  or  as  single 
purpose  water  supply  structures.  The  amount  of  supplemental  flows 
such  structures  would  provide  and  the  cost  were  estimated. 

Structure  sites  within  the  boundaries  of  the  National  Forests 
were  also  investigated  for  recreational  use.  All  potential  structures 
were  evaluated  in  relation  to  the  recreational  benefits  they  would 
provide  based  upon  an  estimated  annual  visitation  computed  for  the 
site . 


Water  supply,  water  quality  control,  recreation,  and  flood  pre- 
vention depend  on  the  maintenance  or  regulation  of  streamflows  and 
water  surface  areas.  In  many  instances  the  requirement  could  be  met 
best  by  multiple  purpose  structures.  The  additional  streamflow  re- 
quired to  serve  estimated  water  supply  needs  often  satisfied  some  of 
the  water  quality  requirements.  Where  conditions  warranted,  the 
structures  selected  for  a single  purpose  role  also  were  analyzed  as 
multiple  purpose  structures.  Multiple  purpose  use,  where  justified, 
showed  the  greatest  excess  of  benefits  over  cost  and,  therefore,  was 
considered  to  be  the  most  economical  solution  to  the  water  resource 
problems . 
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In  formulating  the  proposed  plan  for  water  resource  development, 
consideration  was  given  to  all  available  means  of  fulfilling  the  ex- 
isting or  projected  needs  to  the  year  2010.  The  plan  described  in 
the  report  is  considered  to  be  the  most  practicable  and  economical 
means  of  supplying  these  needs.  Each  of  the  structures  included  in 
the  plan  was  considered  individually  and  in  combination  with  vari- 
ous other  proposed  structures.  In  all  cases  the  estimated  average 
annual  benefits  of  the  combination  of  structures  were  equal  to  or 
exceeded  the  estimated  average  annual  equivalent  cost.  The  sched- 
uled sequence  of  development  is  based  on  the  requirements  and  needs 
over  the  50-year  period. 

The  plan  includes  a total  of  418  structures  to  meet  the  needs 
of  the  upstream  areas.  These  include  258  single  purpose  flood  pre- 
vention structures,  73  single  purpose  water  supply  and  quality  con- 
trol structures,  nine  single  purpose  recreation  structures,  and  78 
multiple  purpose  structures.  Of  the  78  multiple  purpose  structures, 
75  have  flood  prevention,  water  supply,  and  water  quality  control  as 
their  project  purposes,  and  three  have  flood  prevention  and  recre- 
ation as  their  project  purposes. 

Preliminary  allocation  of  costs  of  the  multiple  purpose  struc- 
tures to  the  purposes  of  flood  prevention,  water  supply,  water  qual- 
ity control,  and  recreation  were  made  by  distributing  the  costs  in 
proportion  to  the  amount  of  storage  provided  for  each  use.  No  divi- 
sion of  project  costs  was  made  between  Federal  and  non-Federal  in- 
terests. Benefits  to  each  purpose  were  evaluated  and  the  benefit- 
cost  ratio  for  the  proposed  development  was  estimated. 

The  total  first  cost  of  the  structures  is  estimated  to  be 
$104,754,900,  with  an  estimated  annual  equivalent  cost  of  $4,190,200. 
The  average  annual  benefits  are  estimated  to  be  $6,180,000.  The 
benefit-cost  ratio  is  1.47:1.0. 

CONCLUSIONS 

1.  The  present  use,  conditions,  and  management  of  rural  lands 
are  largely  responsible  for: 

a.  the  production  of  food  and  fiber  at  a rate  consider- 
ably below  the  potential  of  the  land 

b.  the  present  sediment  problem  and  its  contribution  to 
stream  pollution 

c.  contributing  in  varying  degrees  to  the  flood  and  low 
flow  problems,  depending  on  specific  locations  and  seasons. 

2.  Proper  use  and  improved  management  of  the  land  and  water 
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resources  are  needed  to  help  achieve  a more  stable  streamflow  of  the 
quality  necessary  for  maximum  water  utilization  and  to  conserve  and 
protect  the  productive  capacity  of  the  basin's  soil  resources.  In  the 
future,  greater  competition  for  land  and  water  will  require  more  inten- 
sive management  of  these  resources. 

3.  The  data  contained  in  the  National  Inventory  of  Conservation 
Needs  and  the  present  rate  of  progress  in  establishing  conservation 
measures  make  apparent  an  urgent  need  to  accelerate  the  application  of 
the  measures. 

4.  To  meet  the  present  and  future  needs  of  the  basin  for  the 
regulation  of  streamflow,  to  further  alleviate  floodwater  and  sediment 
damages,  and  to  provide  water  storage  and  supplemental  flow  for  vari- 
ous uses,  the  land  treatment  measures  will  need  to  be  supplemented  with 
structural  measures. 

5.  To  achieve  the  expected  benefits  from  the  plan  for  the  develop- 
ment of  the  water  and  related  land  resource  of  the  upstream  watersheds 
will  require  Federal  assistance  in  the  installation  of  the  recommended 
imp  r o veme  n t s . 


RE  COMME  NDAT I ON S 


It  is  recommended: 

1.  That  the  program  for  the  Potomac  River  watershed  authorized  to 
be  carried  out  by  the  Secretary  of  Agriculture  by  section  13  of  the 
Flood  Control  Act  of  December  22,  1944,  (58  Stat.  887),  as  heretofore 
or  hereafter  amended  and  supplemented,  be  authorized  to  be  carried  out 
by  the  Secretary  of  Agriculture  throughout  the  entire  Potomac  River  ba- 
sin generally  in  accordance  with  that  part  of  the  comprehensive  plan  of 
improvements  relating  to  upstream  areas  described  herein  with  such  modi- 
fications thereof  as  in  the  discretion  of  the  Secretary  of  Agriculture 
may  be  advisable. 

2.  That  in  carrying  out  such  program  the  Secretary  of  Agriculture 
be  authorized  to  participate  in  the  installation  of  works  of  improve- 
ment for  water  supply  and  water  quality  control  generally  to  the  same 
extent  and  under  the  same  conditions  as  is  provided  for  in  the  Water 
Supply  Act  of  1958,  (72  Stat.  319),  as  amended,  and  the  Federal  Water 
Pollution  Control  Act,  (62  Stat.  1155),  as  amended. 

3.  That  in  carrying  out  such  program  the  Secretary  of  Agriculture 
be  authorized  to  participate  in  the  recreational  development  of  upstream 
reservoirs  for  public  use  to  the  extent  that  he  determines  to  be  equit- 
able in  consideration  of  the  assistance  that  is  authorized  for  the  same 
purpose  under  other  Federal  programs. 
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INTRODUCTION 


AUTHORIZATION  AND  SCOPE  ^ 

OF  THE  COMPREHENSIVE  PLAN 

The  Corps  of  Engineers  has  been  authorized  by  two  resolutions  of 
the  Senate  Committee  on  Public  Works  to  prepare  a comprehensive  plan 
for  the  control  of  floods  and  the  development  and  conservation  of  wa- 
ter and  related  resources  in  the  Potomac  River  basin. 

The  survey  was  initiated  under  the  provisions  contained  in  the 
resolution  adopted  January  26,  1956,  by  the  Committee  on  Public  Works 
of  the  United  States  Senate.  The  resolution  called  for  the  prepara- 
tion of  a comprehensive  plan  for  control  of  floods  and  the  development 
and  conservation  of  the  water  and  related  resources  of  the  basin,  with 
emphasis  on  present  and  future  needs  for  water  supply  and  pollution 
abatement,  fully  coordinated  with  the  Interstate  Commission  on  the 
Potomac  River  Basin,  and  with  the  States  of  Maryland,  Virginia,  West 
Virginia,  Pennsylvania,  and  the  District  of  Columbia,  and  with  the  Na- 
tional Capital  Regional  Planning  Council  and  other  state  agencies  con- 
cerned to  insure  full  consideration  of  all  views  and  requirements. 

The  survey  was  completed  under  the  provisions  contained  in  the 
resolution  adopted  July  6,  1959,  and  amended  April  27,  1960,  by  the 
Committee  on  Public  Works  of  the  United  States  Senate,  which  provided 
for  the  preparation  of  a plan  for  flood  control,  recreation,  and  de- 
velopment and  conservation  of  municipal  and  industrial  water  supply 
and  pollution  abatement,  fully  coordinated  with  all  agencies  concerned. 

The  overall  survey  had  three  major  objectives:  (1)  the  determin- 

ation of  needs  for  water  supply,  water  quality  control,  flood  preven- 
tion, and  recreation;  (2)  the  evaluation  of  resource  capabilities;  and 
(3)  the  formulation  of  a plan  for  the  development  of  water  and  related 
land  resources. 

So  that  the  survey  and  report  would  fully  reflect  the  many  aspects 
of  control  and  management  of  all  the  water  resources  in  the  basin,  the 
Corps  of  Engineers  requested  the  cooperation  of  the  U.  S.  Department  of 
Agriculture,  and  others,  in  the  survey. 

The  Department  of  Agriculture  participated  in  the  survey  under  the 
provisions  of  section  6 of  the  Watershed  Protection  and  Flood  Prevention 
Act  (Public  Law  566,  83rd  Congress,  as  amended)  which  authorizes  the 
Secretary  of  Agriculture  to  cooperate  with  other  Federal,  state,  and  lo- 
cal agencies  in  surveys  and  investigations  of  the  watersheds  of  rivers 
and  other  waterways  to  develop  coordinated  programs.  The  Soil  Conserva- 
tion Service,  Forest  Service,  and  Economic  Research  Service  carried  out 
the  Department  of  Agriculture's  part  of  the  survey. 
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OBJECTIVES  OF  THE  U.  S.  DEPART- 
MENT OF  AGRICULTURE'S  SURVEY 

The  purpose  of  the  Department  of  Agriculture's  participation  in  the 
survey  was  to:  (1)  examine  the  land  use  and  management  in  relation  to 

the  water  resource  problems  of  the  basin;  (2)  consider  the  local  needs 
for  water  development  in  the  upstream  areas;  and  (3)  evaluate  the  capa- 
bilities and  potentials  for  meeting  the  needs,  and  to  contribute  to  the 
formulation  of  a plan  to  satisfy  the  needs. 

The  Department  of  Agriculture  developed  information  on:  (1)  trends 

in  agricultural  development  and  the  future  water  needs  for  agriculture, 
(2)  erosion  as  it  relates  to  the  sediment  problem,  and  (3)  needs  for  wa- 
ter control  and  management  in  small  upstream  watersheds  and  opportunities 
to  meet  these  needs.  This  information  was  integrated  with  information 
developed  by  other  agencies  in  formulation  of  a plan  for  development  of 
the  basin. 

In  addition,  the  Department  of  Agriculture  developed  information  on 
the  agricultural  flood  damages  on  the  main  stem  and  major  tributaries, 
and  the  economic  impact  of  the  major  reservoirs  on  agriculture  and  other 
rural  lands  in  the  basin.  This  information  was  provided  to  the  Corps  of 
Engineers  for  use  in  the  formulation  of  a plan  and  alternatives  for  im- 
provement of  the  main  stem  and  major  tributaries. 


SECTION  I - PROJECTIONS  AND  SOURCES  OF  DATA 


1.  POPULATION  AND  RELATED 
USE  PROJECTIONS 

Changes  in  land  use  in  the  Potomac  River  basin  are  closely  related 
to  the  growth,  distribution,  and  income  characteristics  of  its  popula- 
tion and  that  of  surrounding  areas. 

Population  projections  for  the  Potomac  River  basin  were  developed 
by  the  U.  S.  Department  of  Commerce,  Office  of  Business  Economics,  for 
the  major  study  areas  within  the  basin  as  shown  in  figure  1.  These 
data  indicate  that  the  projected  growth  of  the  Potomac  River  basin  econ 
omy  over  the  next  half  century  will  come  partly  from  population  expan- 
sion. For  the  past  three  decades,  the  basin's  population  has  grown 
faster  than  that  of  the  Nation.  Indications  are  that  it  will  continue 
to  grow  somewhat  faster  than  that  of  the  Nation  over  the  next  50  years. 
This  growth  will  be  general  throughout  the  basin,  but  varying  in  degree 
in  the  sub-regions.  However,  indications  are  that  most  of  the  more 
than  4 million  additional  persons  will  very  likely  be  concentrated  in 
the  Washington  metropolitan  area. 

The  projected  future  economic  growth  is  expected  to  result  in  in- 
creasingly greater  demands  on  the  land  and  water  resources  of  the  basin 
Outdoor  recreation  will  continue  to  increase,  requiring  more  land  and 
water  space.  The  agricultural  use  and  management  of  the  land  will  af- 
fect both  the  quality  and  quantity  of  streamflow.  It  was  assumed  also 
that  Federal  and  state  assistance  programs  will  continue  at  least  at 
their  present  level.  Therefore,  watershed  management,  including  land 
treatment  and  structural  works  of  improvement,  will  be  essential  ele- 
ments in  a program  of  improved  use  and  control  of  the  resources  of  the 
basin. 

2.  IMPROVED  TECHNOLOGY  AND 
FUTURE  LEVELS  OF  MANAGEMENT 

Agriculture  is  experiencing  a technological  revolution.  Recent 
changes  in  production  per  man-hour  and  the  increasing  substitution  of 
capital  for  labor  serve  as  an  indicator  of  this  impact.  Production 
per  man-hour  has  increased  81  percent  in  the  last  10  years,  or  about 
9 percent  per  year.  1/  This  compares  with  an  increase  of  only  2.5  per- 
cent per  year  in  non- farm  industries.  These  changes  are  rapidly  trans- 
forming agriculture  into  one  of  the  higher  capital-using  industries. 

Potomac  River  basin  farmers,  along  with  all  others,  will  continue 
to  be  faced  with  the  problem  of  balancing  production  to  market  outlets. 


1/  "Changes  in  Farm  Production  Efficiency",  U.  S.  Department  of  Agri- 
culture Statistical  Bulletin  No.  233,  Revised  September  1959. 
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Recently,  rapid  technological  progress  in  all  phases  of  agricultural  pro- 
duction has  exceeded  the  growth  in  demand.  These  trends  result  in  over- 
production and  relatively  unfavorable  economic  conditions  for  agriculture 
as  a whole  and  for  small,  inefficient  units  in  particular. 

With  most  of  the  basin  projections  tied  to  an  assumption  of  continued 
high  rate  of  economic  growth,  the  number  of  low- income  farms  in  the  basin 
will  decrease.  In  relative  terms,  low- income  farms  probably  will  always 
be  a part  of  the  agricultural  scene.  However,  as  new  technology  makes  pos- 
sible the  utilization  of  their  farm  resources  with  less  labor  input,  low- 
income  farmers  will  adjust  either  by  acquiring  more  resources  or  by  seeking 
part-time  work  off  the  farm. 

3.  PHYSIOGRAPHIC  REGIONS  AND  SUB-AREAS 

Variations  in  agricultural  characteristics  within  the  Potomac  R re r 
basin  are  related  to  differences  among  the  physiographic  regions  in  the 
basin.  Therefore,  data  were  summarized  and  evaluated  by  the  physiographic 
regions  and  sub-areas  within  the  basin  rather  than  by  states  and  counties. 

Figure  2 is  a map  of  the  basin  showing  the  five  major  physiographic 
regions . 

Twelve  sub-areas  within  the  physiographic  regions  were  delineated  as 
the  common  level  to  which  all  applicable  agricultural  data  relative  to 
project  formulation  were  summarized  and  evaluated.  These  sub-areas  were 
generally  comparable  to  the  economic  area  breakdown  used  by  the  Office  of 
Business  Economics,  U.  S.  Department  of  Commerce.  They  provide  data  gen- 
erally applicable  to  the  additive  evaluation  approach  from  stream  source 
to  the  mouth.  This  evaluation  approach  was  used  by  the  Corps  of  Engineers, 
wherein  the  flows  were  computed  and  water  use  was  subtracted  and  in- flows 
added  progressively  downstream.  Figure  3 is  a map  showing  the  12  sub- 
areas  . 

Data  of  a background  nature,  such  as  the  early  settlement  and  sub- 
sequent growth,  general  climate  and  topographic  data,  and  similar  broad- 
scope  statements  were  prepared  by  physiographic  regions.  Other  data  which 
were  available  at  finer  levels  of  breakdown,  such  as  sub-watersheds  or 
stream  reaches,  are  discussed  at  both  the  sub-area  level  and  the  lower 
level  wherever  this  was  desirable. 

4.  ADAPTATION  OF  THE  CONSERVATION  NEEDS 
INVENTORY  TO  THE  POTOMAC  RIVER  BASIN 

Historical  and  projected  trends  of  land  use  changes  were  needed  for 
planning  purposes  in  the  Potomac  River  basin  survey.  A special  summary 
of  the  Conservation  Needs  Inventory  based  on  approximately  1,800  100- acre 

sample  plots,  which  represented  a 2 percent  random  sample  of  the  total 
basin  area,  was  selected  for  use.  These  data  provided  land  use  informa- 
tion and  other  land  conditions  for  1958,  summarized  by  physiographic 
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regions,  sub- areas,  land  resource  areas,  and  land  use  capability  classes. 
Total  acreage  estimates  by  land  use,  soil  type,  slope,  erosion,  and 
land  capability  were  tabulated.  These  data  provided  all  cooperating 
agencies  with  the  same  land  base  figures,  thus  insuring  uniformity  of 
results  among  selected  phases  of  the  study. 

5.  DELINEATION  OF  SUB-WATERSHEDS 
WITHIN  THE  POTOMAC  RIVER  BASIN 

To  insure  adequate  coverage  of  localized  water  resource  problems 
the  basin  was  divided  into  77  sub-watersheds  as  shown  in  figure  4. 

The  drainage  area  of  the  sub-watersheds  ranged  from  about  50  to  several 
hundred  square  miles.  For  the  most  part,  the  sub-watershed  boundaries 
conform  to  the  boundaries  of  the  sub-areas  and  the  physiographic  re- 
gions. Each  sub-watershed  was  analyzed  for  water  supply  needs  for  the 
upstream  area,  flood  prevention  potentials,  and  impoundment  possibili- 
ties. These  data  were  used  in  project  formulation. 

The  sub-watershed  approach  made  possible  the  evaluation  of  flow 
characteristics  and  associated  physical,  engineering,  and  economic  data 
for  the  basin  at  the  local  level  and,  also,  in  an  additive  manner  for 
the  higher  levels  of  sub-areas  and  physiographic  regions.  The  water 
development  formulation  procedure  was  arrived  at  in  an  additive  manner 
from  the  sources  of  streams  to  their  mouths.  Thus,  these  data  were 
meaningful  in  arriving  at  the  overall  needs  of  the  basin. 

The  delineation  of  the  sub-watersheds  also  conform  to  the  divi- 
sion of  that  portion  of  the  Potomac  River  basin  which  is  authorized 
for  improvement  by  the  Flood  Control  Act  of  1944,  as  amended  and  sup- 
plemented. 

6.  USE  OF  DATA  FROM  SAMPLE  WATERSHEDS 

Time  and  resources  did  not  permit  a detailed  hydrologic  and  hy- 
draulic analysis  of  each  sub-watershed  of  the  basin.  Existing  water- 
shed work  plans  representative  of  each  physiographic  region  were  used 
to  approximate  reduction  of  flood  damages  in  relation  to  the  control 
of  the  drainage  area  and  other  factors  used  in  the  evaluation  of  up- 
stream structural  measures.  A factoring  system  was  developed  from  the 
detailed  computations  in  existing  work  plans  for  the  respective  physio- 
graphic regions.  These  factors  were  used  to  estimate  the  benefits 
which  would  be  provided  by  the  proposed  structures  by  reducing  damages 
and  producing  benefits. 

A general  reconnaissance  survey  was  made  of  each  sub-watershed  to 
classify  flood  plain  land  by  damage  reaches.  Data  were  recorded  on: 

(1)  flooding,  (2)  low  flows,  (3)  erosion  and  sediment  problems,  and 
(4)  potential  for  more  intensive  development.  A separate  economic 
analysis  was  carried  out  for  each  sub-watershed.  This  took  into  ac- 
count the  present  cropping  pattern  or  present  use  of  the  flood  plain 
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acres.  Projections  were  made  of  the  cropping  pattern  yields  and  costs 
with  flood  protection.  The  net  income  for  a composite  acre  based  on 
present  and  projected  use  under  protection  and  good  management  condi- 
tions was  computed.  Damages  to  businesses,  residential  property, 
bridges,  roads,  and  minor  fixed  improvements  were  determined  in  order 
to  compute  the  average  annual  damage  for  the  reach  or  reaches.  These 
damages  were  summarized  by  sub-watersheds,  but  they  were  also  identi- 
fied by  reaches  to  be  used  directly  in  the  economic  evaluation  of  alter- 
native combinations  of  structures.  Other  project  purposes  were  included 
in  accordance  with  the  local  needs. 

7.  USE  OF  DATA  FROM  SAMPLE  AREAS 

Because  of  the  magnitude  of  the  job  it  was  necessary  to  use  sample 
areas  to  determine:  (1)  present  and  future  hydrologic  conditions, 

(2)  rate  of  erosion  and  sediment  production,  and  (3)  trends  in  changes 
in  land  use.  Data  were  summarized  by  cropland,  pasture,  woodland,  and 
other  uses  to  arrive  at  the  overall  soil-cover  complex  indices  for  the 
physiographic  regions.  To  obtain  the  amount  of  sediment  production 
from  sheet  erosion  for  various  physical  areas,  the  average  annual  soil 
loss  per  acre  was  computed  for  a homogeneous  parcel  of  land  or  land  re- 
source unit  which  had  similar  soil  types,  land  use,  geological  influence, 
and  slope  and  erosion  characteristics.  The  land  resource  unit  was  con- 
sidered to  be  an  appropriate  unit  for  a sheet  erosion  study  because  the 
Conservation  Needs  Inventory  listed  the  estimated  acreages  for  each  land 
use  in  each  land  resource  unit  by  soil,  slope,  and  erosion  combinations. 
From  these  data  the  sheet  erosion  estimates  were  developed. 

Geomorphological  studies  of  the  area  indicate  that  streams  of  the 
same  order  have  similar  physical  characteristics  if  the  areas  have  the 
same  type  of  geological  structure,  climate,  and  lithology.  It  was  con- 
cluded that  erosion  damage  to  bottom  land  associated  with  the  particular 
stream  order  would  be  of  approximately  the  same  magnitude  anywhere  with- 
in the  same  physiographic  region.  A large  number  of  bottom  land  sedi- 
ment and  erosion  damage  ranges  were  run  on  the  various  tributaries  and 
the  main  stem  of  the  Potomac.  These  were  tabulated  to  obtain  the  aver- 
age range  or  cross  section  of  bottom  land  per  stream  order  found  in  each 
physiographic  region  of  the  basin.  The  ranges  were  averaged  and  con- 
verted to  the  area  damaged  in  acres. 

An  airphoto  analysis  was  made  to  determine  past  trends  in  land  use. 
Trends  for  two  consecutive  time  periods,  1938-52  and  1952-58,  were  based 
on  different  flights  and  summarized  by  physiographic  regions  and  sub- 
areas.  By  comparing  before  and  after  conditions,  land  use  changes  were 
measured  for  the  time  interval  between  photographic  flights  for  the  in- 
dividual plots.  Applying  an  expansion  factor  to  the  changes  measured  re- 
sulted in  an  estimate  of  changes  that  occurred  within  the  various  physio- 
graphic regions  and  sub-areas  in  the  basin. 
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8 . GENERAL 

The  Potomac  River  basin  embraces  an  area  of  about  14,600  square 
miles.  It  includes  the  District  of  Columbia  and  parts  of  Maryland, 
West  Virginia,  Virginia,  and  Pennsylvania,  and  has  a population  of 
nearly  3 million  people.  The  beauty  of  the  streams,  fields,  and  for- 
ests of  the  basin  have  made  it  a recreation  ground  for  increasing 
thousands  of  people.  The  Potomac  River  supplies  a major  part  of  the 
water  for  the  National  Capital  area  and  municipalities  and  industry 
throughout  the  basin. 

The  accumulation  of  knowledge  about  the  Potomac  Pviver,  its  be- 
havior, and  relation  to  the  land,  began  early  in  American  colonial 
times.  Washington's  diaries  contain  many  entries  relative  to  the  ri- 
ver basin,  its  forests,  soils,  and  topography.  As  in  other  basins, 
the  resources  were  freely  used.  The  timber  was  harvested  without 
much  regard  to  future  production.  The  land  was  farmed  without  regard 
to  loss  of  soil  by  erosion  and  sedimentation  of  streams.  Coal  was 
mined  without  regard  to  the  large  quantities  of  mine  acid  wasted  in- 
to the  streams  which  resulted  in  degrading  the  quality  of  the  water 
for  water  supply,  cooling  purposes,  and  fish  and  wildlife. 

Although  there  are  numerous  indications  of  much  past  mistreat- 
ment, the  land,  water,  and  timber  resources  still  make  substantial 
contributions  to  the  economy  of  the  basin.  They  have  the  inherent 
potential  necessary  to  make  much  greater  contributions  if  given  in- 
tensified management  and  protection. 

9.  DESCRIPTION  AND  AGRICULTURAL  USE  OF 
THE  BASIN  BY  PHYSIOGRAPHIC  REGIONS 

The  Potomac  River  basin  lies  within  a portion  of  the  Atlantic 
slope  drainage  basin  extending  from  the  Allegheny  Mountains  to  the 
Chesapeake  Bay.  The  terrain  of  the  basin  varies  from  the  flat 
Coastal  Plains  to  the  mountainous  eastern  slope  of  the  Alleghenies. 
Between  these  extremes  are  the  rolling  country  of  the  Piedmont  Pla- 
teau,  the  Appalachian  Valley,  and  the  Appalachian  Highlands. 

The  soils  of  the  basin  range  from  the  unconsolidated  strata  of 
sands,  gravels,  clays,  and  silts  of  the  Coastal  Plain  to  those  de- 
rived from  sandstone  and  shales  of  the  middle  to  early  Paleocoic  Age 
that  have  been  folded  and  faulted  into  long  parallel  ridges,  typical 
of  the  eastern  slope  of  the  Allegheny  Mountains.  The  soils  of  the 
Piedmont  Plateau  are  derived  from  the  crystalline  and  sedimentary 
rocks,  and  the  soils  of  the  Appalachian  Valley  are  derived  from  lime- 
stone . 

Settlement  and  development  of  the  Potomac  River  basin  proceeded 
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in  a large  degree  in  relation  to  the  physical  characteristics  imposed 
by  the  topography  and  soils  of  the  respective  regions. 

Physiographic  Region  One  - Coastal  Plain 

Settlement  began  in  the  Coastal  Plain  region  soon  after  initial 
exploration  by  Captain  John  Smith  in  1608.  Early  development  was  agri- 
culturally oriented.  The  generally  deep  soils  occurring  on  the  broad, 
flat  uplands  provided  a favorable  environment  for  farm  crops.  By  1650 
tobacco  growing  had  become  the  major  economic  activity  of  the  region. 
During  this  early  era  tobacco  was  grown  as  a continuous  crop  without 
benefit  of  fertiliser  or  winter  cover  crops.  Consequently,  the  combined 
effect  of  erosion  and  declining  soil  fertility  soon  became  evident.  A 
period  of  economic  decline  hit  the  area  as  tobacco  prices  fell  off  about 
the  end  of  the  18th  century.  Also  prosperous  ports  were  being  destroyed 
by  sediment  deposits  in  the  channels  and  harbors.  These  factors  combined 
to  cause  a migration  inland  and  much  of  the  abandoned  land  reverted  to 
forest,  often  pure  stands  of  pine.  These  past  events,  plus  the  more  re- 
cent rapid  expansion  of  urban  areas,  have  resulted  in  the  present  low 
percentage  of  land  under  cultivation. 

Presently,  only  23  percent  of  the  land  is  being  cultivated  and  ap- 
proximately 61  percent  is  forested.  While  a droxmed  coastline  and  swamp- 
ing of  the  upper  flood  plains,  due  to  sediment  impaired  drainageways , 
has  restricted  bottom  land  use  to  either  forest  cover  or  idle  swampy 
lands,  present  competition  for  land  for  farming  is  such  that  some  high 
capability  farmland  remains  in  forest.  The  forests  are  about  evenly 
divided  between  hardwood  stands,  with  oak  predominating,  and  softwood 
stands  composed  of  the  southern  yellow  pines.  The  present  average 
stocking  is  approximately  3,000  board  feet  per  acre.  The  average  annual 
cut  of  about  60  board  feet  per  acre  is  the  highest  in  the  Potomac  River 
basin,  but  represents  only  about  one- fifth  of  the  potential  production 
rate  attainable  under  a medium  level  of  management. 

This  region  has  the  mildest  climate  of  the  basin  with  a growing 
season  in  excess  of  200  days  and  an  average  annual  rainfall  of  about  42 
inches . 

Physiographic  Region  Two  - Piedmont 

Settlement  and  development  in  the  Piedmont  region  began  at  the  time 
agriculture  in  the  Coastal  Plain  had  reached  its  climax.  Agricultural 
production  from  this  region  continued  to  dominate  the  economy  of  the 
Potomac  River  basin  for  more  than  100  years.  Although  tobacco  was  im- 
portant at  first,  it  was  grown  in  combination  with  other  less  demanding 
crops  as  far  as  soil  fertility  was  concerned.  Wheat  quickly  became  the 
major  crop.  Livestock  enterprises  also  became  increasingly  important 
as  a result  of  the  demand  for  meat  and  other  livestock  products  by  an  in- 
creasing population. 
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The  Piedmont  region  lies  between  the  fall  line  and  the  crest  of 
the  Blue  Ridge  Mountains.  It  is  composed  of  three  geologic  units, 
two  of  which  are  composed  of  crystalline  or  metamorphic  rocks  and 
form  a hilly- to-mountainous  topography.  Soils  formed  from  these  rocks 
are  variable  in  physical  characteristics  depending  on  their  parent  ma- 
terial. They  are  equally  variable  in  fertility.  The  third  unit  is 
the  flat,  plain- like  lowlands  underlain  by  sedimentary  rocks  of  the 
Triassic  Age. 

Because  of  the  variety  of  soils  and  topography,  land  use  is  di- 
vided about  equally  between  livestock  and  forest  production.  A large 
portion  of  the  cultivated  land  is  used  to  support  the  livestock  enter- 
prises. 

Approximately  40  percent  of  the  Piedmont  region  is  in  forest  cov- 
er. Much  of  this  area  is  in  the  foothills  of  the  Blue  Ridge  Mountains 
and  generally  occupies  the  steep  slopes  and  thin,  less  fertile  soils. 
The  timber  stands  are  primarily  hardwoods,  mainly  oaks,  but  with  a 
scattering  of  yellow  poplar  and  associated  species  on  the  more  favor- 
able sites.  The  average  stocking  is  approximately  2,500  board  feet 
per  acre  with  an  average  annual  cut  of  about  50  board  feet  per  acre. 
This  level  of  stocking  and  production  is  substantially  below  the  po- 
tential for  the  area. 

Use  of  forest  land  was  similar  to  that  of  the  Coastal  Plain. 

Early  cutting  of  forests  was  done  primarily  to  clear  land  for  farming 
and  to  supply  local  needs  for  lumber.  Introduction  of  livestock  rais- 
ing resulted  in  the  clearing  of  additional  land  for  meadows  and  pas- 
tures. Heavy  cuts  to  provide  timber  products  were  not  made  until  the 
beginning  of  the  logging  boom  during  the  late  1800's.  Many  of  the 
cutover  areas  also  were  burned  several  times.  In  recent  years  improved 
fire  protection  has  permitted  natural  restocking,  although  often  with 
less  desirable  species  that  produce  smaller  volumes  and  lower  grade 
products . 

The  Piedmont  region  has  a climate  which  can  support  general  farm 
crops  with  a growing  season  of  about  186  days  and  an  average  annual 
rainfall  of  about  40  inches.  Urbanisation  is  rapidly  making  inroads 
into  the  agricultural  sectors  of  the  Washington  metropolitan  area,  but 
at  present  industrial  development  remains  small. 

The  city  of  Washington,  D.C.,  is  located  along  the  fall  line  be- 
tween the  Piedmont  and  the  Coastal  Plain  regions.  The  expansion  of 
the  Washington  area  to  accommodate  a growing  population  has  increased 
the  competition  for  land.  High  capability  land  formerly  used  for 
agricultural  purposes  has  been  taken  for  urban  and  some  industrial  use. 

Physiographic  Region  Three  - Appalachian  Valley 

West  of  the  crest  of  the  Blue  Ridge  Mountains  lies  the  Appalachian 
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Valley  or,  as  it  is  sometimes  called,  "The  Great  Valley."  Settlement 
in  the  Appalachian  Valley  began  about  1730,  primarily  by  farmers  of 
German  and  Scotch  ancestry  who  moved  down  the  valley  from  earlier  set- 
tlements in  Pennsylvania.  Agricultural  lands  were  fairly  well  settled 
by  1800.  The  broad,  limestone-based  valleys  of  the  Shenandoah  River 
and  the  Conococheague  and  Antietam  Creeks  were  especially  adapted  to 
the  livestock-wheat  type  of  farming  the  settlers  brought  with  them. 

The  farms  on  the  lower  slopes  of  the  western  side  of  the  Blue  Ridge 
and  in  the  "Great  Valley"  beyond  began  to  prosper  as  the  tidewater 
plantations  declined. 

Pig  iron  produced  in  furnaces  along  the  North  and  South  Forks  of 
the  Shenandoah  was  the  basis  for  early  forest  exploitation.  Wood  was 
converted  to  charcoal  and  used  to  smelt  the  ore  mined  from  shallow 
pits  throughout  the  area.  As  a result,  the  forests  around  these  fur- 
naces were  subjected  to  yearly  "coaling"  for  a period  of  about  30  years. 

The  war  between  the  states  brought  marked  changes  in  the  region. 

Many  of  the  major  battles  were  fought  here  and  farm  property  damage  was 
high.  Forced  to  rebuild  much  of  its  agricultural  industry  following 
the  conflict,  this  region  lost  its  supremacy  in  wheat  production  to  the 
mid-West.  This  resulted  in  an  eventual  strengthening  of  livestock  pro- 
duction and  the  development  of  the  fruit  industry.  More  recently, 
dairying  has  become  increasingly  important,  and  poultry  is  also  now  a 
major  enterprise  in  some  parts  of  the  region. 

Iron  production  declined  after  the  war  and  the  forests  began  to 
be  put  to  other  uses.  From  1865  to  1900  many  tanneries  were  built  in 
the  region  to  make  use  of  the  plentiful  supplies  of  tannic  acid  in  the 
nearby  stands  of  chestnut  and  chestnut  oak.  Occurrence  of  the  chestnut 
blight,  between  1910  and  1925,  killed  the  entire  stand  of  chestnut  which 
formerly  made  up  30  to  40  percent  of  the  forests  on  the  drier  sites. 

This  was  largely  responsible  for  the  decline  of  the  tanning  industry. 

Very  severe  cutting  for  charcoal  and  chemical  wood,  often  followed 
by  frequent  fires,  plus  general  removal  of  trees  for  sawtimber,  resulted 
in  replacement  of  former  forest  species  with  extensive  low  grade  stands 
and  a general  exodus  of  the  wood-using  industries  from  the  area. 

Greatly  improved  fire  protection  and  acquisition  of  about  one- third 
of  the  forest  area  for  National  Forest  and  National  Park  purposes  have 
resulted  in  a gradual  improvement  of  the  forests  of  the  region  in  recent 
years.  Many  of  them  are  now  again  reaching  a productive  condition  and 
a rebirth  of  x^ood-using  industries  can  be  expected. 

Land  located  on  moderate  slopes  is  intensively  used.  Cultivated 
crops  make  up  about  half  of  the  land  use.  The  land  formerly  cropped  has 
not  been  intensively  used  for  several  decades,  but  demand  for  recreation- 
al use  and  summer  home  sites  has  developed  recently.  Some  areas  are  be- 
ing developed  for  industry. 
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At  present  about  50  percent  of  the  region  is  in  forest  cover.  The 
forests  are  mainly  located  on  the  steep  slopes  of  the  Blue  Ridge  and 
Allegheny  Mountains  and  the  sandstone  and  shale  soils  in  the  Massanutten 
Mountain  area.  The  stand  is  primarily  hardwoods,  largely  composed  of 
mixed  oak  species.  However,  small  acreages  of  pitch  and  Virginia  pine 
occur  on  the  poorer  sites  and  yellow  poplar  and  associated  species  in 
the  coves. 

The  average  stocking  of  1,800  board  feet  per  acre  is  very  low  from 
the  standpoint  of  timber  production  and  provides  insufficient  cover  for 
good  watershed  protection.  The  average  annual  cut  of  40  board  feet  per 
acre  is  far  below  the  potential  of  these  sites,  but  still  is  in  excess 
of  the  amount  that  should  be  taken  to  properly  restore  these  stands  to 
optimum  production  conditions.  Of  the  total  forest  area  of  the  region, 
nearly  one- third  is  now  in  public  ownership  and  is  being  managed  to  re- 
turn it  to  original  production  and  protective  qualities. 

The  growing  season  of  171  days  and  an  average  annual  rainfall  of 
about  37  inches  is  well  suited  to  the  general  and  grassland  type  of 
farming  that  is  predominant  in  the  region  in  support  of  the  livestock 
and  dairy  industry. 

Water  resources  in  the  region  are  variable,  with  some  areas  pos- 
sessing good  ground  water  resources,  while  other  areas  are  limited  in 
supply.  Generally,  the  underlying  rock  strata  of  the  valley  are  not 
as  good  aquifers  as  those  of  the  Coastal  Plain  and  Piedmont.  Through- 
out the  region  generally,  despite  the  occasional  large  yield  develop- 
ments such  as  Du  Pont  Basic  City  wells  and  the  Merck  wells,  ground  wa- 
ter will  provide  supplies  only  for  rural  domestic  demands. 

Within  the  region  are  located  several  of  the  largest  upstream  ur- 
ban areas  in  the  basin,  including  Hagerstown,  Maryland;  Chamber sburg, 
Pennsylvania;  Charles  Town,  West  Virginia;  and  Winchester,  Harrison- 
burg, Staunton,  and  Waynesboro,  Virginia. 

Physiographic  Region  Four  - Appalachian  Ridges 

A multiple  pattern  of  settlement  developed  in  the  Appalachian 
Ridges  region.  This  area  was  first  settled  about  1740  by  industrially- 
minded  English  emigrants.  The  settlements  were  founded  along  major 
streams.  Shortly  thereafter  other  groups  of  settlers,  during  their 
migration  to  the  West,  stopped  off  and  established  livestock  farms  on 
the  highlands  of  the  region.  Large  areas  were  cleared  for  pasture  and 
some  steep  mountain  land  was  utilized  for  cultivated  crops.  Animal 
husbandry  quickly  became  a major  farm  enterprise.  The  acreage  of  cul- 
tivated crops  increased.  Due  to  the  unstable  nature  of  these  mountain 
soils  derived  predominately  from  sandstone  and  shales,  erosion  was 
severe  and  soil  losses  were  high.  Consequently,  much  of  the  cleared 
land  was  abandoned.  Abandonment  of  farms  began  on  the  highlands  even 
before  a large  acreage  of  the  bottom  lands  had  been  brought  under  culti- 
vation. 
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Farming  in  the  broader  flood  plain  valleys  in  the  region  developed 
along  a more  substantial  pattern.  These  farms  are  similar  to  those  in 
the  "Great  Valley."  In  recent  years  they  have  increased  in  size,  been 
adapted  to  modern  technology,  and  continue  as  prosperous  farm  businesses. 

For  the  region  as  a whole,  however,  non- farm  industries  dominate 
the  economy.  Less  than  30  percent  of  the  land  originally  cleared  for 
farming  is  still  in  this  use.  Farming  has  given  way  to  forestry  or  other 
uses  on  the  hill  land.  Industry  competes  for  limited  available  space  in 
the  valleys. 

As  in  the  Appalachian  Valley  region,  most  of  the  forest  exploita- 
tion came  about  as  a result  of  the  industrialization  of  the  region. 

Wood  was  used  for  charcoal  in  firing  the  blast  furnaces.  Large  quanti- 
ties of  chestnut  and  chestnut  oak  were  cut  to  provide  raw  materials  used 
in  the  tanning  industry.  Construction  of  a pulp  and  paper  mill  in  the 
North  Branch  valley  provided  a local  market  for  large  quantities  of  raw 
materials.  Other  pulp  mills  located  adjacent  to  the  area  also  drew 
heavily  on  the  forest  stands  of  the  region.  Many  of  the  stands  were 
clear-cut  for  pulp  and  other  products  and  then  burned  over.  These  com- 
bined factors  created  many  of  the  low  quality  second  growth  stands  which 
characterize  the  region  today.  Approximately  75  percent  of  the  region 
now  is  in  forest,  composed  primarily  of  hardwood  species.  The  oaks  pre- 
dominate with  inter-mixtures  of  northern  hardwoods  at  the  higher  eleva- 
tions, pitch  and  Virginia  pine  on  the  poorer  sites,  and  yellow  poplar  and 
associated  species  in  the  coves  and  on  the  bottom  lands.  Present  average 
stocking  of  1,440  board  feet  per  acre  and  an  average  annual  cut  of  40 
board  feet  per  acre  are  far  below  the  potential  for  the  region.  The  ap- 
preciably improved  conditions  now  found  as  the  result  of  improved  pro- 
tection and  management  on  approximately  290,000  acres  of  public  forest 
land  is  indicative  of  the  capability  of  the  region. 

The  climate  of  the  Appalachian  Ridges  is  somewhat  cooler  than  that 
of  the  Appalachian  Valley.  The  growing  season  is  limited  to  about  150 
days.  The  average  frost- free  period  extends  from  around  the  first  of 
May  to  the  early  part  of  October.  The  average  annual  precipitation, 
which  includes  a considerable  amount  of  snow,  is  about  35  inches.  Rain- 
fall, however,  varies  considerably  in  small  areas  due  to  topographic  in- 
fluences. Generally,  about  55  percent  of  the  total  precipitation  occurs 
as  rainfall  during  the  growing  season. 

Physiographic  Region  Five  - Appalachian  Plateau 

The  Appalachian  Plateau  region  was  the  last  of  the  regions  in  the 
basin  to  be  developed.  It  is  an  upland  of  more  than  3,000  feet  in  ele- 
vation. It  is  the  westernmost  portion  of  the  basin  and  also  the  head- 
waters of  the  Potomac  River.  This  region  has  been  severely  dissected  by 
narrow  drainageways  to  form  deep,  steep  tributary  valleys  with  little  or 
no  flood  plain. 
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When  the  land  was  first  opened  to  settlement  a hardy  race  of 
Scotch- Irish-English  immigrants  came  to  the  area.  Many  of  them  were 
heading  further  west  where  there  was  better  land,  but  some  families 
stopped  here  and  built  homes.  Many  of  the  highland  ridges  were 
cleared  and  farmed,  although  the  land  was  steep  and  subject  to  ero- 
sion. The  type  of  farming  which  the  settlers  introduced  to  the  area 
did  not  lend  itself  to  mechanization.  Expansion  was  further  hampered 
by  the  lack  of  large  markets  and  inadequate  local  transportation 
routes . 


The  area  was  originally  settled  in  small  tracts.  The  farms  that 
remain  are  small,  with  more  than  40  percent  of  them  under  30  acres. 
Outside  sources  of  capital  are  limited.  Some  employment  opportuni- 
ties were  available  in  the  coal  industries,  but  most  subsidiary  in- 
dustries developed  in  the  Ohio  Valley  to  the  west  and  in  the  North 
Branch  of  the  Potomac  Valley  to  the  east.  As  time  went  on,  more  and 
more  of  the  younger  people  left  the  farms  and  moved  to  job  opportun- 
ties  in  the  industrial  areas.  This  was  accelerated  during  the  World 
War  II  years  and  has  continued.  No  new  activity  has  come  in  to  fill 
the  vacuum  left  by  a declining  agriculture. 

The  cropland  of  the  Appalachian  Plateau  is  limited.  Crop  and 
pasture  together  amount  to  slightly  more  than  14  percent  of  the  total 
land  use.  About  25  percent  is  in  "other"  uses.  Future  land  use 
projections  indicate  a continuously  declining  farm  acreage.  Present 
cropland  use  is  devoted  chiefly  to  hay  and  oats  to  support  dairy  or 
other  livestock  enterprises.  Approximately  61  percent  of  the  region 
is  now  in  forest  cover.  The  present  forest  area  is  composed  of 
formerly  farmed  areas  and  lands  that  have  always  been  in  forest  cover 
but  which  have  been  subjected  to  poor  management.  The  stand  is  pri- 
marily oaks  on  the  lower  elevations,  with  a substantial  mixture  of 
northern  hardwoods  and  hemlock  and  spruce  on  the  higher  elevations. 

Although  the  acreage  of  forest  land  is  relatively  small  compared 
with  the  other  regions,  its  important  location  in  the  headwater  area 
of  tributary  streams  makes  its  present  poor  stocking  and  condition  a 
major  contributor  to  local  stream  flow  problems. 

Extensive  strip  coal  mining  has  left  many  surface  scars  on  the 
landscape.  This  has  resulted  in  increased  sediment  yields  and  con- 
tributed to  the  local  pollution  problems. 

The  Appalachian  Plateau  has  the  coolest  climate  of  the  basin, 
primarily  because  of  its  altitude.  January  average  temperatures  are 
about  29°F.,  and  July  average  temperatures  are  only  69°F.  The  grow- 
ing season  for  the  region  is  about  127  days.  The  frost- free  period 
generally  extends  from  about  May  21  to  late  September. 

The  average  annual  precipitation,  which  includes  45  to  70  inches 
of  snow,  amounts  to  about  45  inches.  Generally,  about  40  percent  of 
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the  precipitation  occurs  as  rainfall  during  the  growing  season.  Runoff 
for  the  region  is  the  highest  in  percentage  of  precipitation  of  any  re- 
gion in  the  basin.  The  average  annual  runoff  is  about  20  inches. 

10.  TRENDS  IN  POPULATION  GROWTH 

The  overall  basin  population  increased  from  about  500,000  people 
in  1850  to  almost  3 million  in  1960.  By  1985  it  is  expected  to  increase 
to  almost  5 million.  By  2010  it  is  expected  to  exceed  7 million.  In 
1910  the  farm  population  in  the  basin  had  reached  a peak  of  about  300,000. 
By  1950  it  had  declined  to  less  than  278,000.  It  is  expected  to  decline 
to  about  200,000  by  1985  and  to  about  113,000  by  2010.  Increases  in  the 
non- farm  population  of  the  open- country  areas  are  expected  to  more  than 
offset  the  decline  in  farm  population. 

For  more  than  a century  population  has  grown  faster  in  the  Washing- 
ton metropolitan  area  than  in  the  basin  as  a whole,  but  the  growth  be- 
came spectacular  in  the  mid- thirties . At  the  current  rate  more  than  5 
square  miles  of  developed  area  are  added  each  year  to  the  urbanized  area 
of  greater  Washington.  Since  1900,  the  urban  area  has  expanded  from  a 
closely  built-up  area  of  about  7 square  miles  in  Washington,  D.C.,  and 
a smaller  area  in  the  old  city  of  Alexandria,  Virginia,  to  encompass 
more  than  300  square  miles  at  present. 

11.  TRENDS  AND  PROJECTIONS  IN 

LAND  USE  AND  MANAGEMENT 

Two  major  forces  are  bringing  about  land  use  changes  in  the  basin: 

(1)  The  former  use  is  no  longer  profitable,  and  (2)  higher  economic  re- 
turns are  possible  in  some  other  use.  These  two  factors  have  resulted 
in  a decline  in  land  in  farms  from  about  7 million  acres  in  1900  to 
about  5.3  million  acres  in  1958.  This  acreage  is  expected  to  decline 
to  less  than  4.5  million  acres  by  1985  and  to  less  than  4 million  acres 
by  2010. 

The  acreage  of  combined  crop  and  pasture  lands  has  been  declining 
since  about  1900.  "Forest”  and  "all  other  uses  combined"  increased  dur- 
ing the  1900-58  period.  From  1960  to  2010,  however,  woodland  is  expected 
to  join  crop  and  pasture  land  as  a slowly  declining  segment  of  major  land 
use.  Cropland  is  expected  to  decline  from  about  23.4  percent  of  total 
land  area  in  1958  to  18.2  percent  in  1985  and  13.2  percent  in  2010.  The 
acreage  of  pasture  is  expected  to  decline  from  16.5  percent  of  all  land 
in  1958  to  15.2  percent  in  1985  and  to  13.3  percent  in  2010.  Woodland 
is  expected  to  decline  slightly  from  54.5  percent  in  1958  to  53.9  per- 
cent in  1985  and  to  50.9  percent  in  2010.  All  other  uses  combined, 

(mainly  urban,  idle,  and  recreational  use)  made  up  5.6  percent  of  the 
total  land  area  in  1958.  This  category  is  expected  to  increase  to  12.7 
percent  of  all  land  by  1985  and  to  22.6  percent  by  2010.  Figure  5 shows 
the  projected  changes  in  land  use  from  1958  to  2010.  Despite  an  expected 
large  decline  in  the  agricultural  land  base  to  2010,  along  with  a 
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Figure  5 YEAR 


corresponding  decline  in  farm  population,  agricultural  production  is 
expected  to  continue  to  increase  throughout  the  50-year  period.  The 
trend  toward  fewer  but  larger  commercial  farms,  higher  yields  of 
crops  and  livestock,  further  specialization  of  production  and  con- 
tinued technological  progress,  including  conservation  farming,  will 
contribute  to  a substantial  rise  in  output  per  man-hour  and  to  the 
ability  of  farmers  as  a group  to  achieve  large  increases  in  produc- 
tion with  fewer  inputs  of  farm  labor  and  less  costly  maintenance  of 
the  land  productivity. 

Various  Federal,  state,  and  local  agencies  are  generally  admin- 
istering the  972,700  acres  of  publicly-owned  forest  land  in  accord- 
ance with  sound  management  principles,  and  continued  progress  toward 
optimum  production  is  expected.  Past  and  present  activities  under 
the  authorized  Federal  flood  prevention  program  in  the  Potomac  River 
basin  and  other  state  and  Federal  programs  in  the  basin  have  resulted 
in  forest  fire  protection  and  suppression  organizations  and  programs 
generally  adequate  to  meet  normal  conditions.  Some  of  the  forest 
landowners,  particularly  the  industrial  owners,  have  realized  the  im- 
portance of  increased  productivity  from  their  lands  and  have  initiated 
management  programs. 

However,  over  3 million  acres  of  forest  land,  owned  by  nearly 
64,000  individuals,  is  in  generally  "poor"  condition  and  little  prog- 
ress toward  improved  management  is  evident.  The  present  rate  of 
progress  is  inadequate  to  meet  either  the  current  situation  or  the 
still  more  critical  one  that  will  exist  if  the  projected  demands  for 
water  and  other  forest  uses  and  products  materialize. 
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SECTION  III  - THE  WATER  RESOURCE  PROBLEMS  OF  THE  BASIN 


12.  PROBLEMS  RELATED  TO 

HIGH  AND  LOW  FLOWS 

Damaging  floods  have  occurred  on  an  average  of  once  every  10  to 
12  years  within  the  Potomac  River  basin.  The  more  recent 'major  floods 
of  1936,  1942,  and  1949  caused  widespread  damages  to  agricultural  areas, 
urban  communities,  and  transportation  and  communication  facilities. 
Agricultural  areas  subject  to  flood  damage  are  widely  distributed  and 
generally  lie  in  narrow  strips  along  the  streams.  The  limited  acreage 
of  the  bottom  land  and  its  natural  fertility  have  resulted  in  intensive 
agricultural  development  in  some  areas.  Changes  in  land  use  from  for- 
ests or  grass  to  crops  on  these  fertile  bottom  lands  have  increased  ero- 
sion and  scour. 

Encroachment  on  the  flood  plain  by  industry  and  urban  development 
has  resulted  in  an  increase  in  the  flood  damages.  In  the  mountain  areas 
the  narrow  valleys  restrict  available  space  for  urban  growth,  and  the 
tendency  to  occupy  the  flood  plains  during  prolonged  periods  between  in- 
undations has  occasioned  costly  damages  during  floods  and  rendered  expen- 
sive and  difficult  the  construction  of  adequate  flood  prevention  struc- 
tures. 


The  1936  and  1942  floods  combined  caused  extensive  damages  to  urban 
communities  and  agricultural  areas.  Heavy  cloudbursts  in  1949  over  the 
mountains  in  the  vicinity  of  Bridgewater,  Virginia,  and  Petersburg,  West 
Virginia,  amounted  to  about  12  inches  of  rainfall  in  24  hours  and  caused 
considerable  damage  to  this  area.  This  storm  resulted  in  the  loss  of  11 
lives  and  damages  estimated  at  over  $9  million.  The  damages  were  mainly 
from  local  floods  and  tremendous  mountain  slides. 

Frequent  flooding  occurs  in  the  upper  tributaries  throughout  the 
basin.  Although  the  rainfall  is  distributed  rather  uniformly  throughout 
the  year,  summer  rainfall  is  frequently  characterized  by  intense  scattered 
thunderstorms  that  cause  localized  flooding.  These  frequent  floods  cause 
damage  to  growing  crops;  land  damage  from  streambank  erosion,  infertile 
overwash,  and  flood  plain  scour;  damage  to  minor  agricultural  improve- 
ments, secondary  roads,  bridges,  homes,  and  stores;  and  create  problems 
in  maintaining  stream  channel  capacity. 

Because  upper  tributary  damages  are  widely  scattered,  occur  infre- 
quently at  any  one  point,  and  seldom  reach  catastrophic  proportions, 
data  on  their  total  effect  are  very  difficult  to  obtain.  However,  in 
the  aggregate,  they  represent  a significant  economic  loss. 

The  shape  and  character  of  the  basin  are  such  that  they  favor  rapid 
runoff  with  high  flood  waters  for  short  periods  of  time.  Due  to  the  pat- 
tern of  the  streams  in  the  basin,  tributaries  of  nearly  equal  length  con- 
verge at  several  points  to  synchronize  flood  crests.  Consequently,  larger 
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flood  flows  occur  in  the  Potomac  than  the  same  amount  of  flood  runoff 
would  produce  in  some  of  the  adjacent  coastal  rivers. 

Within  the  basin  there  is  often  a case  of  either  too  much  or  too 
little  water.  The  lack  of  reservoirs  to  store  some  of  the  water  from 
the  maximum  flows,  for  release  during  periods  of  drought,  contributes 
greatly  to  the  supply  deficiencies.  These  deficiencies  involve  not 
only  the  quantity  of  water  available  for  use  but  also  the  quality  of 
water . 

13.  THE  WATER  SUPPLY  PROBLEM 

At  present,  water  supplies  in  the  basin  are  obtained  generally 
from  local  springs  or  wells  for  the  rural  area  needs  and  from  deep 
wells  or  the  larger  streams  for  the  urban  areas.  The  cities  of 
Hagerstown,  Maryland,  and  Shepherds town,  West  Virginia,  and  much  of 
the  Washington,  D.C.,  metropolitan  area  obtain  their  water  from  the 
Potomac  River.  In  addition,  about  60  communities  draw  their  water 
from  the  tributary  streams.  The  natural  flows  have  been  sufficient 
to  supply  the  municipal  and  industrial  needs  in  most  areas.  However, 
population  growth,  industrial  expansion,  and  development  in  agricul- 
tural and  recreational  activities  in  the  basin  have  approached  the 
limit  at  which  available  water  resources  in  their  present  state  of 
development  can  meet  the  total  demand  for  relatively  pure  water. 

The  ground  water  resources  of  the  Potomac  River  basin  vary  sig- 
nificantly by  physiographic  regions.  In  the  Coastal  Plain  several 
aquifers  are  capable  of  consistently  supporting  wells  which  will 
yield  100,000  gallons  of  water  per  day.  In  general,  the  water  is 
satisfactory  in  chemical  quality  for  most  uses,  but  the  low  mineral 
content  and  low  pH  cause  the  water  in  some  areas  to  be  corrosive. 

The  Piedmont  region  is  underlain  by  a variety  of  rocks  consist- 
ing mostly  of  metamorphosed  sedimentary  and  igneous  rocks  but  includ- 
ing large  areas  of  shale  and  sandstone  of  Triassic  Age  and  some 
slightly  altered  granite  rocks.  While  some  large  capacity  wells  do 
exist,  there  are  no  significant  areas  where  wells  producing  as  much 
as  100,000  gallons  per  day  can  be  developed. 

In  the  Appalachian  Valley  the  underlying  rock  strata  is  chiefly 
a thick-bedded,  blue  dolomitic  limestone  with  clay  laminae  and  beds 
of  dolomite,  sandstone,  and  limestone  conglomerate.  Wells  in  this 
region  must  go  deep  and  the  yields  are  small.  In  most  areas  the  wa- 
ter obtained  is  very  hard.  However,  throughout  the  valley,  other 
alluvial  deposits  occupying  the  lower  parts  of  the  mountain  slopes 
may  be  potential  sources  of  large  ground  water  supplies. 

In  the  Appalachian  Ridges  region  there  are  several  formations 
which  carry  large  supplies  of  ground  water.  However,  large-scale 
development  is  not  practical  because  they  are  remote,  occupy  mountain- 
ous terrain,  and  frequently  dip  beneath  valleys  under  unknown  thicknesses 
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of  relatively  unproductive  rocks. 


The  Appalachian  Plateau  is  underlain  with  rock,  chiefly  of  alter- 
nating beds  of  sandstone  and  shale.  Although  the  beds  are  nearly  hor- 
izontal, quantitative  estimates  are  not  practical  because  of  remoteness 
and  poor  definition  of  recharge  areas.  Because  of  this  lack  of  infor- 
mation and  their  topographic  and  geologic  positions,  they  are  not  con- 
sidered to  lend  themselves  to  large-scale  development. 

The  principal  water  uses  in  the  Potomac  River  basin  are  for  muni- 
cipal and  industrial  water  supply,  water  quality  control,  and  recrea- 
tional purposes.  Water  for  irrigation  is  a relatively  small  but  import- 
ant use  requirement.  The  use  of  the  streams  for  disposal  and  dilution 
of  municipal  and  industrial  wastes  is  of  great  importance.  While  this 
is  a proper  use  if  accomplished  under  adequate  control,  indiscriminate 
dumping  of  sewage  and  other  wastes  into  the  streams  without  proper 
treatment  has  affected  water  quality  and  thus  reduced  usable  supplies 
in  many  areas. 

Water  resource  development,  to  be  most  effective,  will  require  the 
coordinated  efforts  of  all  interests  and  the  integration  of  conserva- 
tion, land  treatment,  and  upstream  structural  measures  with  water  man- 
agement measures  on  the  main  stem  and  major  tributaries. 

14.  PROBLEMS  OF  WATER  QUALITY 

Pollution  of  the  waters  of  the  Potomac  River  and  its  tributaries 
has  been  a growing  problem  for  nearly  a century.  Discharge  of  indus- 
trial waste  became  serious  early  in  this  century,  particularly  in  the 
areas  of  the  North  Branch  and  in  the  Shenandoah  Valley.  Acid  waters 
draining  from  coal  mines  contributed  to  the  deterioration  of  the  water 
quality  in  western  Maryland  and  West  Virginia. 

Pollution  from  sediment  began  causing  concern  in  the  1860's  and 
continued  to  become  more  serious  with  the  further  destruction  of  for- 
ests on  the  watershed  and  the  continuance  of  poor  land  use  practices. 
Sediment  accumulation  in  the  tidal  estuary  is  a serious  problem.  Sedi- 
ment deposition  must  be  prevented  in  order  to  preserve  the  water  areas 
and  enjoy  the  benefits  of  other  pollution  control  measures. 

Sediment  sources  normally  are  sheet  erosion,  channel  erosion,  gully 
erosion,  roadside  erosion,  and  wind  erosion.  The  most  serious  sources, 
volume-wise , are  sheet  erosion,  channel  erosion,  gullying,  and  localized 
shoreline  erosion  in  the  lower  Potomac.  In  most  cases,  sheet  erosion 
accounted  for  more  than  60  percent  of  the  gross  erosion  and,  consequent- 
ly, a high  percentage  of  the  sediment  production.  The  amount  of  soil 
loss  from  erosion  depends  on  rainfall,  hydrologic  characteristics  of  the 
region,  inherent  properties  of  the  soil  material,  and  the  vegetative  cover. 

Erosion  and  sediment  yield  are  not  synonymous  because  of  progressive 
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deposition  of  eroded  materials  enroute  from  point  of  origin  to  areas 
further  downstream.  Sediment  yield  correlates  with  erosion  to  the 
extent  that  a decrease  in  the  supply  (erosion)  results  in  some  de- 
crease in  sediment  yield. 

Sediment  yield  is  the  total  sediment  outflow  from  a watershed. 
Delivery  rates  depend  upon  many  factors.  The  transport  efficiency  and 
delivery  rate  of  a steep,  highly  channeled  watershed  will  be  appreci- 
ably higher  than  that  of  a flat  area.  The  delivery  rate  in  small  wa- 
tersheds is  usually  high,  gradually  decreasing  as  the  watershed  size 
increases  until  it  becomes  a relatively  small  fraction  of  the  gross 
erosion  on  watersheds  exceeding  100  square  miles  in  size. 

In  the  Coastal  Plain  region  the  sediment  contribution  from  chan- 
nel erosion  is  small  due  to  the  swamped  condition  of  the  small  flood 
plains.  Host  of  the  sediment  from  this  area  is  produced  from  sheet 
erosion  and  areas  affected  by  the  urban  expansion. 

Growth  of  the  Washington,  D.C.,  area  in  the  past  several  decades 
has  increased  the  sediment  contribution  in  the  Potomac  River  and  its 
tributaries  due  to  construction  activities  on  the  highly  erodible 
soils.  Yields  have  been  estimated  to  be  as  high  as  30,000  tons  per 
square  mile  per  year.  This  sediment  adversely  affects  navigation, 
swimming,  boating,  other  water-oriented  recreation  in  the  estuary, 
and  the  fish  and  marine  life  which  were  once  abundant  in  the  river. 

The  Piedmont  region  topography  ranges  from  mountainous  to  near- 
ly flat  and  gives  rise  to  a variable  sediment  and  erosion  picture. 
Generally,  the  more  erodible  soils  are  on  the  more  gentle  slopes  and 
are  in  crops  and  pasture.  Sheet  erosion  is  active  in  these  areas. 
Gullying  contributes  a significant  amount  to  the  sediment  yield  of 
the  region.  Soils  derived  from  sandstone  and  shales  are  readily  erod- 
ible and,  therefore,  gully  very  easily.  The  flood  plains  are  of  vari- 
ous widths,  dependent  on  the  resistance  of  the  underlying  strata,  and 
flood  plain  scour  is  significant  in  the  wide  flood  plains  subject  to 
frequent  inundation. 

The  annual  sediment  delivery  of  the  Potomac  River  at  Washington, 
D.C.,  is  estimated  to  be  1-1/2  million  tons.  The  Piedmont  region 
represents  about  27  percent  of  the  area  contributing  and  yields  about 
23  percent  of  the  sediment.  The  gross  erosion  in  the  Piedmont  is 
high  due  to  the  high  percentage  of  cultivated  and  open  land.  However, 
due  to  the  nature  and  physical  characteristics  of  the  displaced  materi- 
al, the  sediment  yield  is  relatively  low.  The  heavy  material  is  dropped 
in  the  valleys  and  on  the  flood  plains  of  the  tributaries  before  it 
reaches  the  major  streams. 

In  the  Appalachian  Valley  the  fertile  soils  are  used  extensively 
for  crops  and  pasture  and,  as  a consequence,  the  sheet  erosion  rates 
are  somewhat  higher  than  they  are  in  the  Piedmont.  Gully  erosion  is 
not  a large  sediment  source  from  the  region  as  a whole,  although  some 
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severe  gullying  occurs.  Flood  plain  scour  is  significant  in  the  wide 
flood  plains  subject  to  frequent  inundation.  The  stream  density,  how- 
ever, is  lower  than  for  the  two  regions  to  the  east. 

The  Appalachian  Valley  represents  about  38  percent  of  the  area  con- 
tributing and  yields  about  47  percent  of  the  sediment  estimated  to  be 
entering  the  estuary  at  Washington.  In  addition  to  the  gross  erosion 
rates  being  high  on  the  limestone  soils,  the  delivery  rate  also  is  high 
because  of  the  ease  with  which  the  finely  divided  soil  particles  can  be 
transported.  Once  in  suspension,  they  move  down  into  the  estuary  and 
are  precipitated  out  due  to  the  low  velocity  and  the  saline  waters  in 
the  estuary. 

The  Appalachian  Ridges  region  is  subject  to  only  moderate  sheet 
erosion  even  though  there  are  many  steep,  long  slopes.  The  region  is 
mostly  in  forest  cover,  with  some  areas  of  upland  pasture.  For  the 
most  part,  however,  cropland  is  limited  to  flood  plain  areas.  Channel 
erosion  is  active,  and  flood  plain  scour  is  significant  on  the  culti- 
vated bottom  lands.  In  some  flood  plains,  erosion  is  limited  to  stream- 
bank  and  channel  erosion  since  most  flows  are  confined  within  the  banks. 
Areas  with  broad  flood  plains  subject  to  inundation  frequently  suffer 
damage  from  sedimentation  and  infertile  overwash.  Gully  erosion  is 
neither  serious  nor  widespread  in  this  region. 

The  Appalachian  Ridges  region  represents  about  32  percent  of  the 
area  contributing  and  yields  24  percent  of  the  sediment  downstream  at 
Washington.  The  erosion  and  sediment  production  can  be  attributed  most- 
ly to  the  high  gradient  streams  and  the  shale  soils  through  which  they 
flow. 


In  the  Appalachian  Plateau  region  erosion  of  exposed  areas  from 
the  coal  strip  mining  and  the  unprotected  rolling  ridge  tops  are  the 
principal  sources  of  sediment.  The  gross  erosion  and  sediment  produc- 
tion in  this  region  is  small  but  the  rate  is  high.  This  region  repre- 
sents about  3 percent  of  the  area  contributing  and  yields  about  6 per- 
cent of  the  sediment.  The  streams  in  this  region  are  flashy  and  often 
overflow  their  banks.  The  valleys  are  V-shaped  with  virtually  non- 
existent flood  plain. 

Water  temperature.  The  normal  water  temperature  of  the  natural 
flow  of  the  Potomac  River  and  its  tributaries  offers  little  or  no  prob- 
lem to  the  quality  of  the  water.  Most  of  the  small  streams  are  fed  from 
springs  or  sub- surface  flows  of  relatively  cool  water.  Many  of  the 
streams  flow  through  wooded  areas  which  provide  shade  to  the  flowing 
stream  and  thereby  aid  in  keeping  temperatures  relatively  constant  ac- 
cording to  the  season  of  the  year. 

The  discharging  of  industrial  wastes  and  process  and  cooling  water 
into  the  river  or  its  tributaries,  however,  does  increase  local  water 
temperature.  The  increase  in  the  temperature  of  the  water  reduces  the 
solubility  of  oxygen.  This,  in  turn,  affects  the  rate  at  which  the 
stream  can  assimilate  organic  wastes. 
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SECTION  IV  - THE  WATER  RESOURCE  PROBLEMS  AS  RELATED  TO  AGRICULTURE 


15.  IMPACT  OF  WATER  RESOURCE  PROB- 
LEMS ON  LAND  USE  AND  MANAGEMENT 

The  waterflow  characteristics  of  the  Potomac  River  and  its  tribu- 
taries are  influenced  by  the  geologic  formations  through  which  it  flows. 
The  basin  is  divided  by  nature  into  two  distinct  portions:  the  fast- 

flowing, frequently  narrow  and  rocky  upper  reaches  of  the  river  whose 
tributaries  become  less  precipitious  as  they  approach  tidewater;  and 
the  broad,  relatively  slow- flowing  tidal  portion  below  the  fall  line  at 
Washington,  D.C.  These  same  geologic  conditions  contribute  to  the  fact 
that  only  about  1/4  million  acres  of  the  land  area  are  delineated  as 
flood  plain  land. 

The  flood  plains  along  the  Potomac  River  and  its  major  tributaries 
are  inundated  occasionally  by  large  floods  that  cause  considerable  dam- 
age and  inconvenience  to  agricultural  and  urban  areas  and  to  transpor- 
tation and  communication  facilities. 

In  the  upper  reaches  of  the  basin,  the  limited  acreage  of  fertile 
bottom  land  has  resulted  in  its  intensive  agricultural  development. 

The  use  of  these  flood  plain  areas  without  adequate  protection  has  in- 
creased the  tendency  for  erosion  and  scour  and  made  management  of  these 
areas  more  difficult.  The  flood  plain  areas  below  Washington,  D.C., 
present  a somewhat  different  problem.  The  drowned  coastline  and  swamp- 
ing of  upper  flood  plains,  due  to  sediment  impaired  drainageway s , re- 
strict bottom  land  use.  The  broad,  flat  uplands  provide  a more  favor- 
able environment  for  crops  and,  therefore,  the  lower  basin  flood  plains 
are  not  as  intensively  used  as  they  are  in  the  upper  reaches  of  the  ba- 
sin. 


Perhaps  the  most  serious  water  resources  problem  associated  with 
land  use  and  management  is  the  effect  of  rapid  overland  flow  and  the 
resulting  erosion  on  the  soils  of  the  basin.  Due  to  soil  erosion,  crop 
yields  have  not  shown  the  increases  that  could  be  expected  as  a result 
of  improvements  in  technology  and  management.  Yields  have  increased, 
but  net  returns  have  not  increased  proportionally.  More  and  more  of 
the  farmers'  receipts  must  be  used  to  maintain  productivity.  As  soils 
become  badly  eroded  yields  drop  seriously  and  the  lands  are  either 
abandoned  or  put  into  some  less  intensive  use  than  crop  production. 

The  results  of  land  deterioration  are  far-reaching.  The  steady  drain 
of  soil  erosion  and  its  effect  contributes  to  the  economic  and  social 
problems  of  the  basin. 

The  effects  of  erosion  are  not  limited  to  the  individual  farm  or 
uplands  where  the  first  losses  occur.  Additional  damage  may  occur 
miles  downstream  in  the  form  of  infertile  sediment  deposition  on  once 
productive  alluvial  soils  in  the  flood  plain.  Stream  channels  may  be 
seriously  impaired  by  depositions  from  eroding  uplands. 
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The  water  quality  also  affects  its  use  for  agricultural  purposes. 
Although  little  water  is  used  directly  from  the  streams  for  domestic 
uses,  much  of  the  water  for  irrigation  and  stock  watering  comes  direct- 
ly from  streamflow.  Consequently,  acid  water  discharged  or  drained  from 
active  or  abandoned  coal  mines  or  sediment  in  the  streams  seriously  low- 
ers the  quality  and  suitability  of  the  water  for  these  uses.  In  addi- 
tion to  the  adverse  effect  of  applying  polluted  water  to  crops,  it  dam- 
ages or  destroys  the  equipment  used  in  the  application  and  use  of  water. 
The  same  applies  to  its  suitability  for  use  as  orchard  spraying  or  food 
processing.  Therefore,  the  water  quality  limits  the  type  of  agriculture 
which  can  be  carried  on  along  these  polluted  streams. 

16.  CONTRIBUTIONS  OF  THE  USE,  CONDITION,  AND 

MANAGEMENT  OF  LAND  TO  THE  WATER  RESOURCE 

PROBLEM 

The  use  and  treatment  of  land  usually  is  reflected  in  the  high  and 
low  flows  in  the  streams.  The  abuse  of  land  or  improper  management  of 
its  cover  in  the  headwaters  area  of  a stream  contributes  to  flash  floods, 
accompanied  by  sediment  that  can  choke  a major  downstream  channel  and 
present  serious  pollution  difficulties  for  downstream  users.  This  points 
up  the  close  inter-relationship  between  the  interests  of  users  of  land 
and  water  resources  in  all  parts  of  a river  basin. 

Agriculture  is  the  principal  user  of  the  land  in  the  Potomac  River 
basin.  Slightly  more  than  half  (54  percent)  of  the  lands  within  the  ba- 
sin are  in  forest  cover.  Crop  and  pasture  land  occupy  24  and  16  percent, 
respectively,  of  the  total  basin  area.  There  has  been  relatively  little 
change  in  this  ratio  between  forest  and  cleared  land  during  the  last 
several  decades.  The  way  in  which  agriculture  uses  these  land  resources 
has  a direct  impact  on  the  quantity  and  quality  of  the  water  resources 
available  to  other  users. 

The  principal  factors  influencing  present  watershed  conditions  are: 
(1)  soils;  (2)  quality  of  cover;  and  (3)  management,  including  the  use 
of  land  according  to  its  capability. 

Soils.  The  soils  of  the  Potomac  River  basin  divide  somewhat  natu- 
rally into  six  major  soil  groups  according  to  their  parent  material  or 
the  physiographic  locations  in  which  they  occur.  The  six  major  groups 
are:  (1)  shales,  (2)  sandstones,  (3)  limestones,  (4)  piedmont,  (5)  moun- 

tain, and  (6)  alluvial.  The  shale  soils  occurring  on  rolling  and  hilly 
lands  are  generally  very  shallow,  relatively  unproductive,  of  low  water- 
holding capacity,  and  highly  erodible  if  not  protected  with  adequate 
cover.  The  sandstone  soils,  more  deeply  weathered  and  of  coarser  texture 
than  the  shales,  respond  well  to  management  on  the  gentler  slopes,  absorb 
rainfall  more  readily,  and  are  the  least  erodible  of  all  groups.  The 
agriculturally  favorable  limestone  soils  are  the  most  fertile  of  the  up- 
land soils.  Though  subject  to  severe  erosion,  they  respond  readily  to 
proper  treatment.  The  rolling  piedmont  soils  of  crystalline  rock  origin 
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are  comparable  in  fertility  to  the  limestone.  They,  too,  are  very  erod- 
ible.  The  mountain  soils  of  the  Blue  Ridge  and  Allegheny  Plateau  are 
practically  all  in  forest  cover.  Where  good  cover  has  been  maintained, 
little  erosion  is  evident  and  retardation  of  runoff  is  appreciable.  Be- 
cause these  soils  are  often  shallow  and  the  slopes  are  steep,  mainten- 
ance of  a well-developed  forest  cover  and  humus  layer  is  essential  for 
maximum  reduction  of  storm  runoff.  The  level,  fertile,  alluvial  soils 
occupying  the  flood  plains  present  little  or  no  problems  of  runoff  or 
erosion,  but  are  subject  to  damage  by  sediment  deposition,  swamping, 
bank  cutting,  and  scour. 

The  soils  of  the  basin  have  been  classified  into  hydrologic  soil 
groups  on  the  basis  of  rate  of  intake  of  water  at  the  end  of  long- 
duration  storms  occurring  after  prior  wetting.  The  relationship  that 
exists  between  rainfall  and  runoff  from  the  various  soil  types,  under 
various  conditions  of  cover  and  management,  can  be  predicted  within 
reasonable  limits. 

Due  to  differences  in  their  physical  properties,  soils  vary  in  the 
quantity  of  water  they  will  hold,  in  the  rate  at  which  water  will  enter 
the  surface,  and  in  the  rate  at  which  water  will  percolate  downward  to 
the  water  table  or  laterally  to  the  stream  channels.  The  depth,  infil- 
tration at  the  surface,  and  structure  and  texture  have  profound  effects 
upon  the  rate  and  amounts  of  intake  and  water  retention.  Conditions 
that  provide  large  pores  within  the  soil  mass  for  rapid  infiltration  and 
movement  of  water  and  air,  combined  with  small  pores  for  water  retention, 
are  very  desirable.  The  grouping  of  individual  soil  particles  into  ag- 
gregates which  resist  the  slacking  action  of  water  and  resist  crushing 
during  tillage  operations  is  an  essential  feature  of  good  soil  structure. 

Cover . Vegetative  cover  is  the  product  of  climate,  coil,  topogra- 
phy, and  man's  activities.  For  a particular  soil,  the  type  and  density 
of  the  cover  determines  to  a large  extent  the  rate  at  which  water  enters 
the  soil  and  influences  the  amount  of  surface  runoff.  It  influences  the 
depth  and  distribution  of  the  snow  pack,  the  rate  of  snow  melt,  and  the 
loss  of  water  through  evaporation  and  transpiration. 

Despite  the  great  range  in  type,  all  forms  of  vegetation  show  cer- 
tain characteristics  that  are  important  in  relation  to  infiltration  and 
runoff.  All  vegetation  is  made  up  of  three  parts:  the  canopy  of  living 

and  dead  stems  and  leaves  that  stand  clear  of  the  soil,  the  accumulation 
of  dead  and  decaying  plant  remains  that  lie  on  or  in  the  soil  profile, 
and  the  living  and  dead  roots  and  sub- surface  stems  that  permeate  the 
soil . 


The  canopy  above  ground  and  the  surface  litter  accumulation  inter- 
cepts precipitation,  insulates  the  soil,  and  retards  wind  movement  near 
the  soil  surface.  Vegetation  at  the  soil  surface  obstructs  the  overland 
flow  of  water  and  the  detachment  and  transport  of  soil  material.  Beneath 
the  soil  surface,  to  depths  reached  by  roots,  vegetation  acts  both  direct- 
ly and  indirectly.  Roots,  by  their  growth  and  subsequent  decay,  permeate 
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the  soil  with  materials  that  both  binds  it  and  aids  the  flow  of  water 
through  it. 


Management.  Land  cropped  to  grass  and  trees  does  not  present  as 
serious  an  erosion  and  runoff  problem  as  land  devoted  to  cultivated  crops. 
The  loss  of  water  as  runoff  is  inversely  related  by  the  plant  cover.  As 
plant  cover  decreases  or  deteriorates,  erosion  and  runoff  losses  become 
progressively  higher. 

Flood  damages  in  the  tributaries  and  upper  headwater  areas  of  the 
Potomac  are,  on  the  average,  equal  to  damages  occurring  from  major  floods 
on  the  main  stem.  The  June  1949  storm  referred  to  previously  is  an  ex- 
ample of  a more  or  less  local  storm  of  high  intensity  resulting  in  great 
local  damage.  Floodwater-retarding  structures  on  the  small  tributaries 
and  the  use  of  conservation  measures  on  the  land  would  have  reduced  the 
damages. 

Slightly  less  than  2 percent  of  the  land  in  the  Potomac  River  basin 
is  without  some  degree  of  land  use  limitation.  The  remaining  98  percent 
is  subject  to  some  degree  of  permanent  limitation  in  land  use  because  of 
natural  land  characteristics.  About  half  of  this  land  is  suitable  for 
cultivation,  with  the  corrective  measures  needed  to  protect  the  land  in 
this  use.  The  remaining  half  should  be  permanently  protected  with  a cov- 
er of  grass,  or  trees  and  shrubs.  The  lack  of  proper  farm  and  forest 
management  practices  has  resulted  in  severe  erosion  problems  on  about 
1,350,000  acres,  or  about  15  percent  of  the  land  surface  of  the  basin. 

An  additional  1,040,000  acres,  or  about  12  percent,  have  been  subjected 
to  moderate- to- severe  erosion.  As  a result  of  the  active  erosion,  many 
additional  acres  of  the  lower  slopes  and  flood  plains  are  being  damaged 
by  deposition  or  infertile  overwash. 

Another  serious  loss  from  erosion  is  the  reduction  of  the  soil  man- 
tle and  the  depletion  of  the  soil  fertility.  Both  of  these  reduce  the 
ability  of  watershed  land  to  absorb  and  hold  precipitation  and  runoff. 

In  addition,  the  quality  of  stream  water  is  affected.  Sediment  interferes 
with  the  self-purification  processes,  destroys  fish  and  wildlife  habitat, 
increases  costs  and  difficulties  in  the  purification  of  water  supplies, 
and  interferes  with  navigation  by  filling  the  channels. 


More  than  three- fourths  of  the  forest  area  is  making  less  than  an 
adequate  contribution  to  the  protection  of  the  watershed  and  reduction 
of  rapid  runoff.  Similarly,  many  of  the  crops  grown  and  most  of  the 
pasture  cover  are  providing  less  watershed  protection  than  could  be  at- 
tained and  maintained  under  better  farm  management.  In  addition  to  low 
productivity,  lack  of  proper  use  and  management  results  in  increased 
flood  runoff  from  these  areas  and  a reduction  of  volume  of  water  avail- 
able as  underground  and  return  flow  during  dry  periods. 


In  the  Coastal  Plain  region  the  present  ability  of 
to  retard  rapid  runoff  and  protect  against  soil  erosion 


the  forest  cover 
is  better  than 
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average  for  the  basin  with  nearly  one- fourth  of  the  area  rated  as 
"fair."  However,  because  of  soil  characteristics  and  relatively  gen- 
tle topography,  this  capability  is  of  less  consequence  in  regard  to 
runoff  and  stream  flows  than  in  other  regions  of  the  basin. 

In  the  Piedmont  region  the  present  ability  of  the  forest  cover 
to  retard  rapid  runoff  and  to  protect  the  soil  from  erosion  is  rated 
as  "poor"  for  the  entire  forest  area  of  this  region. 

In  the  Appalachian  Valley  region  the  present  ability  of  the  for- 
est cover  to  retard  rapid  runoff  and  protect  against  soil  erosion  is 
rated  as  "fair"  for  about  one- third  of  the  area,  principally  the  pub- 
lic forests,  and  as  "poor"  on  the  remaining  two- thirds. 

In  the  Appalachian  Ridges  region  the  average  ability  of  the  pre- 
sent cover  to  retard  rapid  runoff  and  protect  against  soil  erosion  is 
rated  "poor."  Less  than  one- fourth  of  the  total  forest  area  is  rated 
as  "fair"  and  nearly  one-half  of  this  is  on  the  limited  acreage  of 
public  forest. 

In  the  Appalachian  Plateau  region  the  state-owned  forests  account 
for  all  of  the  25,000  acres  rated  as  "good"  and  a large  percentage  of 
the  62,000  acres  rated  "fair"  in  their  ability  to  retard  rapid  runoff 
and  protection  against  soil  erosion. 

Land  use  according  to  capability.  The  land  capability  classifica- 
tion is  a systematic  arrangement  of  different  kinds  of  coil  according 
to  those  properties,  including  slope  and  degree  of  erosion,  that  limit 
or  restrict  the  use  or  determine  the  ability  of  the  land  to  produce 
permanently  without  deterioration.  The  units  used  in  classifying  land 
are  characterized  by  differences  that  significantly  affect  conservation 
practices,  suitability  of  use,  crop  yields,  and  management  requirements. 
Suitability  for  cultivation  includes  the  use  of  farm  machinery  and  ca- 
pacity for  significant  yields  of  one  or  more  crops  with  suitable  treat- 
ment and  protective  measures.  In  interpreting  what  the  land  can  do  and 
what  it  needs,  each  soil  characteristic  is  considered  in  relation  to  all 
others.  There  are  eight  land  capability  classes,  four  of  which  are 
suited  for  cultivation.  The  distribution  of  land  use  according  to  land 
capability  classification  in  the  Potomac  River  basin  in  1958  is  shown  in 
table  1. 

Classes  suitable  for  cultivation  are  differentiated  according  to 
the  degree  of  permanent  limitation  in  land  use  that  is  necessary  because 
of  natural  land  characteristics.  They  are,  therefore,  correlated  with 
the  general  level  of  treatment  or  corrective  measures  needed. 

Examination  of  the  data  in  table  1 shows  that  most  of  the  cropland 
areas  appear  in  the  first  three  land  classes.  However,  over  500,000 
acres,  or  about  25  percent,  of  the  land  devoted  to  crops  are  in  classes 
IV,  V,  VI,  VII,  and  VIII.  The  use  of  these  land  classes  as  cropland 
presents  difficult  management  problems.  Because  these  lands  are  being 
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Potomac  River  Basin 
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1/  Source  of  data:  "Potomac  River  Basin  Tables  of  Agricultural 

Basic  Data  Estimates."  Excludes  water. 

2/  All  land  not  specifically  used  for  crops,  pasture,  or  forest; 

includes  idle  land,  roads,  low  density  urban  areas,  etc. 

3/  Land  area  for  which  no  land  use  capability  data  are  available 


used  beyond  their  capability,  they  often  are  the  source  of  high  runoff 
and  high  sediment  production,  thus  contributing  to  the  water  resource 
problems. 

17.  IMPACT  OF  FUTURE  LAND  USE,  CONDITIONS, 

AND  MANAGEMENT  ON  THE  WATER  RESOURCES 

Since  geology  and  topography  are  fixed  characteristics  of  a drain- 
age basin,  it  follows  that  variations  in  the  rainfall-runoff  relation- 
ship within  a drainage  basin  are  the  reflection  of  variations  in  the 
weather  and  changing  uses  being  made  of  the  land.  In  estimating  the  ef- 
fects of  future  land  use,  condition,  and  management  on  the  water  resources 
of  the  Potomac  River  basin,  two  points  must  be  considered:  (1)  the  amount 

of  land  that  will  be  converted  to  uses  that  decrease  infiltration  and  in- 
crease runoff,  such  as  rooftops  and  pavements;  and  (2)  the  type  of  man- 
agement to  be  given  the  land  remaining  in  natural  and  cultivated  vegeta- 
tive cover.  Both  will  affect  the  basin's  hydrology. 

A study  of  the  land  use  trends  from  1938  to  1958  provided  the  basis 
for  projecting  future  growth  patterns  for  the  basin,  assuming  relatively 
free  choice  of  land  quality  by  investors  and  builders.  The  findings  of 
the  study  indicated  that  in  areas  where  there  is  a non- farm  demand  for 
land  now  in  agricultural  use,  a premium  will  be  paid  for  accessibility 
but  not  for  the  characteristics  that  make  the  land  responsive  to  agri- 
cultural uses  unless  those  characteristics  are  important  also  in  its  new 
use.  Conversely,  in  areas  where  non- farm  demand  is  relatively  slight, 
as  in  the  Ridge  and  Valley  areas  of  the  basin,  agricultural  users  will 
pay  a premium  for  responsiveness  of  land  to  agricultural  use  as  well  as 
for  accessibility. 

Although  projected  rates  of  land  use  change  vary  widely  within  the 
basin,  and  even  though  counter- trends  in  certain  land  uses  are  likely  to 
occur  among  physiographic  regions  and  areas,  some  overall  basin- wide 
trends  are  anticipated.  Tables  2,  3,  and  4 show  the  trends  from  1938  to 
1958,  and  tables  5 and  6 show  the  anticipated  trends  to  2010.  Among 
these  are:  (1)  a decline  in  cropland  acreage  from  2,116,661  acres  in 

1958  to  1,644,000  in  1985,  and  a further  decline  to  1,191,000  acres  in 
2010;  (2)  a decline  in  pasture  acreage  from  1,492,261  acres  in  1958  to 
1,378,300  in  1985,  and  a further  decline  to  1,206,000  acres  in  2010; 

(3)  a decline  in  woodland  acreage  from  4,931,565  in  1958  to  4,874,100  in 
1985,  and  a further  decline  to  4,601,200  in  2010;  (4)  an  increase  in 
high- density  urban  areas  from  158,309  acres  in  1958  to  425,700  in  1985, 
to  a further  increase  of  795,200  acres  in  2010;  and  (5)  an  increase  in 
"other"  acreage  from  347,770  in  1958  to  724,337  in  1985,  and  a further 
increase  to  1,252,000  acres  in  2010.  The  combined  "other"  and  urban 
classification  is  expected  to  account  for  22.6  percent  of  the  total  land 
area  in  the  basin  by  2010. 

Wide  variations  in  expected  land  use  changes  within  land  use  capa- 
bility classes  are  anticipated.  Variations  in  the  rate  of  change  during 
the  1952-58  period  as  shown  in  tables  3 and  4 will  serve  as  an  example. 
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Table  2 - Estimated  Acreage  in  Each  Land  Use,  1938 
Potomac  River  Basin 
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1/  Source  of  data:  Airphoto  comparison  analysis.  Excludes  water 

2/  All  land  not  specifically  used  for  crops,  pasture,  or  forest; 

includes  idle  land,  roads,  low  density  urban  areas,  etc. 

3/  Land  area  for  which  no  land  use  capability  data  are  available. 
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J3/  Land  area  for  which  no  land  use  capability  data 


Table  4 - Estimated  Acreage  in  Each  Land  Use,  1958 
Potomac  River  Basin 
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1/  Source  of  data:  "Potomac  River  Basin  Tables  of  Agricultural 

Basic  Data  Estimates,"  Excludes  water, 

2, / All  land  not  specifically  used  for  crops,  pasture,  or  forest; 

includes  idle  land,  roads,  low  density  urban  areas,  etc, 

2/  Land  area  for  which  no  land  use  capability  data  are  available 
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by  airphoto  comparison  analysis* 

2/  All  land  not  specifically  used  for  crops,  pasture,  or  forest;  in- 
cludes idle  land,  roads,  low  density  urban  areas,  etc. 

3/  Land  area  for  which  no  land  use  capability  data  are  available. 


The  basin-wide  average  yearly  decline  of  cropland  acreage  by  land  use 
capability  was  as  follows:  class  II,  2,582  acres  per  year;  class  III, 

4£>44  acres;  class  IV,  609  acres;  and  class  VIL  only  1,322  acres.  Con- 
versely, in  class  VI,  cropland  showed  an  average  annual  increase  of  306 
acres. 


The  Appalachian  Plateau  region  follows,  to  a degree,  an  accepted 
hypothesis  that,  unless  urban  and  industrial  economic  forces  are  in- 
dicated, there  is  a lower  rate  of  decline  in  the  acreage  in  land  use 
capability  classes  that  are  best  suited  to  intensive  cultivation.  In 
this  region  for  the  period  1952  to  1958,  the  acreage  of  class  II  crop- 
land declined  at  a rate  of  153  acres  per  year;  class  VI  at  141  acres 
per  year;  and  class  VII  at  212  acres  per  year.  In  the  Appalachian 
Plateau  region,  it  is  expected  that  nearly  all  of  the  acreage  in  capa- 
bility classes  IV,  VI,  and  VII  will  shift  from  crop  and  pasture  use  to 
forest,  recreation,  and  other  non- farm  uses.  The  acreages  in  classes 
II  and  III  are  expected  to  be  used  predominantly  for  agricultural  pur- 
poses and  specifically  for  crop  and  pasture  production.  These  trends 
and  projections  indicate  that  the  Appalachian  Plateau  is  the  only  re- 
gion which  shows  a tendency  to  run  contrary  to  basin- wide  trends. 

This  is  due  to  the  limited  amount  of  competition  for  non- farm  use. 

One  of  the  major  objectives  of  soil  conservation  is  to  bring  about 
the  conversion  of  land  poorly  suited  to  cultivation  to  less  hazardous 
and  often  more  productive  uses.  All  of  class  V to  VIII  land  needs  to 
be  protected  by  permanent  vegetative  cover. 

Although  the  economics  of  individual  farm  operating  units  some- 
times \;arrant  exceptions,  in  general,  it  would  be  desirable  to  con- 
vert most  of  the  class  IV  land  to  non-crop  uses.  From  a hydrologic 
point  of  view,  these  conversions  would  be  desirable  even  though  it 
would  be  necessary  to  offset  them  by  using  some  of  the  class  I to  III 
land  now  in  pasture  or  woodland  for  additional  cropland. 

Projections  for  the  future  indicate  relatively  little  net  change 
in  the  forested  acreage  of  the  basin.  However,  there  are  rather  sig- 
nificant changes  predicted  for  the  future  use  of  the  open  lands. 

Class  IV  land  now  being  used  for  crops  is  projected  to  decrease  from 
about  300,000  to  200,000  acres  by  2010.  Class  V land  now  being  used 
for  crops  is  projected  to  decrease  from  10,000  to  3,500,  and  classes 
VI,  VII,  and  VIII  now  in  crops  are  projected  to  have  a combined  de- 
crease from  188,000  to  82,000  acres  by  2010. 

Further  examination  and  comparison  of  trends  between  1952  and  2010, 
as  shown  in  tables  3 and  6,  reveals  that  land  use  changes  are  projected 
to  occur  within  the  land  still  in  rural  use  and  that  which  will  be  in 
strictly  urban  use.  It  will  be  noted  that  cropland  and  pasture  acre- 
age declines  in  every  capability  class.  However,  the  land  in  forests 
in  2010  for  class  VII  land  increased  by  slightly  more  than  1 percent. 
Comparison  of  these  tables  show  that  slightly  less  than  1 million  acres 
will  be  changed  to  "other"  uses,  such  as  idle  lands;  road  rights  of 
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ways,  including  clover  leaf  areas;  and  low  density  urban  areas.  These 
"other"  uses  are  for  the  most  part  considered  to  be  somewhat  more  con- 
ducive to  infiltration  than  crop  and  pasture  land  and,  therefore,  will 
bring  about  an  improved  hydrologic  condition.  Conversely,  the  shift  to 
urban  use,  which  is  projected  to  increase  to  about  6 percent,  will  re- 
sult in  less  favorable  hydrologic  conditions,  due  to  the  intense  clear- 
ing and  reshaping  of  the  land  for  housing  development. 

These  improvements  and  changes  in  rural  land  use,  together  with 
some  improvement  in  management  and  adequate  protection  against  fire,  are 
predicted  to  more  than  offset  the  unfavorable  hydrologic  aspects  of  the 
projected  increases  in  urban  development. 

Soil-cover  complex  indices  were  developed  to  reflect  the  changes 
in  streamflow  anticipated  as  a result  of  the  changes  in  land  use,  cover 
conditions,  and  management. 

The  modest  reduction  in  peak  flows  and  annual  yields  and  the  slight 
increases  in  low  flows  anticipated  to  result  from  these  improvements  were 
expressed  through  the  changes  in  soil-cover  complex  indices  numbers. 

The  development  of  unit  hydrographs  indicate  that  the  peak  flows 
would  reduce  in  direct  proportion  to  the  reduction  in  runoff.  This  re- 
lationship will  vary  between  watersheds  and  physiographic  regions.  The 
percentage  in  reduction  of  peak  flows  will  vary  with  the  amount  and  in- 
tensity of  the  rainfall,  soil  moisture  conditions,  and  the  season  of  the 
year.  In  general,  the  greatest  reduction  will  occur  in  the  summer  when 
anticedent  soil  moisture  conditions  are  low  and  cover  is  at  its  optimum. 

The  expected  percentage  of  decrease  in  peak  flows  is  progressively 
greater  from  the  lower  reaches  to  the  headwaters.  In  and  around  Washing- 
ton, D.C.,  little  net  change  in  hydrologic  conditions  and,  hence,  in  peak 
flows  in  the  tributary  streams  in  that  area  is  anticipated.  Progressing 
upstream,  the  adverse  hydrologic  influences  of  urbanization  and  the 
greater  effects  of  improved  use  and  management  indicate  a progressively 
greater  decrease  in  peak  flows. 

It  is  assumed  that  these  changes  will  be  accompanied  by  changes  in 
low  f 1 ow . With  improvement  in  hydrologic  conditions,  more  of  the  preci- 
pitation from  a given  intensity  storm  will  infiltrate  into  the  soil. 

Small  watershed  studies  have  indicated  that  approximately  one-half  of 
the  additional  infiltration  will  find  its  way  by  lateral  seepage  and  sub- 
surface channels  to  the  stream  channels  to  augment  low  flows.  An  indica- 
tion of  the  change  in  low  flows  is  derived  by  using  one-half  of  the  re- 
duction in  surface  runoff. 

The  effect  of  land  treatment  on  annual  water  yields  has  not  been 
fully  determined.  However,  certain  evident  effects  can  be  concluded 
from  established  data.  With  improvement  in  hydrologic  conditions,  more 
water  will  infiltrate  into  the  soil.  Considering  that  this  will  allow 
greater  transpiration  and  that  indeterminate  "losses"  to  deep  percolation 
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will  increase,  it  was  assumed  that  there  would  be  a tendency  toward 
slight  decreases  in  gaged  annual  yields  with  improvements  in  land  treat- 
ment and  cover  management.  To  provide  an  indication  of  the  projected 
effects,  percentage  decreases  in  annual  yield  were  calculated  as  one- 
fourth  of  the  increase  in  low  flows.  Slight  decreases  in  annual  yields 
are  indicated  in  all  the  physiographic  regions  of  the  basin  except  Re- 
gion One. 

Contingent  upon  land  treatment  as  indicated  by  the  National  Inven- 
tory of  Conservation  Needs,  sediment  yields  will  decline  by  30  to  40 
percent  in  areas  located  far  enough  from  the  Washington  metropolitan 
area  to  be  out  of  the  sphere  of  intense  urban  development  due  to  the 
revised  land  use  and  the  effect  of  conservation  practices  on  the  land. 
However,  future  urban  expansion  around  the  Washington  area  can  be  ex- 
pected to  yield  sediment  loads  of  the  same  magnitude  as  at  present,  un- 
less some  control  of  the  present  methods  of  land  clearing  which  produce 
these  high  erosion  and  sediment  rates  is  invoked.  High  sediment  yield 
will  continue  until  full  development  is  reached  and  only  then  will  it 
decline  to  the  normal  low  soil-loss  rate  for  established  urban  areas. 

Examination  of  the  data  contained  in  tables  7 through  10  shows  the 
estimated  needs  for  conservation  treatment  on  expected  acreages  of  crop- 
land, pasture,  woodland,  and  other  lands  for  the  year  1935. 

An  analysis  of  the  tables  indicates  that,  at  the  present  rate  of 
progress,  it  will  take  from  50  to  75  years  to  establish  most  of  the 
needed  conservation  practices  on  agricultural  and  other  lands  of  the 
basin  to  provide  the  adequate  treatment  and  high  level  of  management 
required  to  bring  about  the  improvements  desired. 

18.  PRESENT  DEMAND  FOR 

WATER  BY  RURAL  USERS 

Rainfall  in  the  Potomac  River  basin  averages  about  38  inches  an- 
nually. Normally  it  is  rather  evenly  distributed  over  the  growing  sea- 
son and  adequate  for  producing  crops.  However,  a drought- damage  study 
established  that  drought  is  a rather  serious  problem  in  the  agricultural 
economy  of  the  basin.  The  1957  drought  caused  damages  which  might  be 
expected  approximately  once  in  15  years,  while  droughts  of  less  magni- 
tude may  be  expected  more  frequently.  An  appraisal^  of  drought  damage 
to  agricultural  crops  in  1957  placed  the  aggregate  damage  in  excess  of 
$30  million.  Average  annual  drought  losses  are  estimated  to  exceed 
$12  million.  Droughts  occurring  in  May  and  June  have  serious  effects 
on  crops,  such  as  vegetables  and  small  fruits,  while  fall  and  winter 
droughts  affect  the  yield  of  winter  grain  crops. 

In  recent  years  there  has  been  a rapid  increase  in  the  use  of  ir- 
rigation water  in  the  Potomac  River  basin.  Prior  to  World  War  II,  less 
than  100  acres  were  under  irrigation  in  the  basin.  Advances  in  technol- 
ogy and  several  years  of  severe  drought  in  the  early  fifties  spurred  ir- 
rigation development  to  approximately  7,500  acres  by  1957.  The  amount 
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Table  8 (cont.)  - Estimates  of  Needs  for  Conservation  Treatment  on  Expected  Acreage  of  Pasture,  1985 

Potomac  River  Basin 
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Table  9 (cont.)  - Estimate  of  Conservation  Measures  and  Practices  Needed 
on  Expected  Future  Forest  Area  by  Regions 
Potomac  River  Basin 
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Potomac  River  Basin 
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Totals  2,589  55,079  37,692  17,387  7,609  5,474  2,135  22,846  16,003  6,843 
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of  water  used  for  irrigation  in  1957  was  approximately  4,000  acre- feet, 
which  is  very  small  in  comparison  to  other  uses. 

In  most  of  the  eastern  humid  region,  irrigation  is  used  primarily 
to  supplement  natural  rainfall  and  to  improve  an  existing  form  of  agri- 
culture. The  fundamental  use  of  irrigation  in  the  Potomac  River  basin 
is  to  prevent  damage  from  periods  of  drought  resulting  from  the  erratic 
distribution  of  natural  rainfall  during  the  growing  season.  Benefits 
from  irrigation  occur  in  several  ways:  (1)  Average  yields  are  increased 

(2)  quality  of  the  product  is  maintained  at  high  level;  (3)  fluctuations 
in  production  that  cause  harvesting  and  marketing  problems  are  reduced; 
(4)  production  and  quality  during  seasons  of  severe  drought  provide  high 
er  than  normal  monetary  returns;  and  (5)  assured  moisture  supply  allows 
the  maximum  use  of  other  inputs,  such  as  fertilizer.  The  greatest  irri- 
gation benefits  accrue  generally  to  crops  of  high  value,  such  as  vege- 
tables , nursery  stock,  fruits,  and  tobacco.  These  crops  are  highly  re- 
sponsive to  an  application  of  water  at  a critical  time  in  the  growth 
stage.  In  general,  these  crops  have  shown  the  greatest  percentage  in- 
crease in  irrigated  acreage  in  the  East. 

In  the  Potomac  River  basin,  45  percent  of  the  1957  irrigated  area 
was  in  corn,  hay,  and  pasture  crops  grown  to  support  livestock  enter- 
prises. These  crops  are  of  medium  market  value.  In  the  case  of  live- 
stock feed,  however,  production  is  used  primarily  on  the  farm.  The 
value  of  livestock  feed  must  be  considered  as  equal  to  the  value  of 
alternative  supplies.  For  example,  in  the  case  of  pasture  for  dairy 
cows,  drought  damage  is  considered  by  the  farmer  as  the  value  of  hay  or 
other  winter  feed  which  he  must  buy  and  feed  to  maintain  production  dur- 
ing drought.  In  effect,  irrigation  serves  as  a stabilizing  factor  to 
a livestock  enterprise.  This  helps  to  explain  the  expansion  of  irriga- 
tion to  the  medium  valued  crops,  such  as  hay  or  pasture.  Economic 
trends  toward  higher  land  prices,  higher  capitalization  per  acre,  and 
increasing  improvement  in  management  indicate  that  irrigation  will  be- 
come increasingly  important  in  the  agricultural  economy  of  the  basin. 

Rural  water  needs  other  than  irrigation  are  supplied  from  several 
sources  within  the  basin.  The  chief  source  currently  is  from  ground 
water.  The  ability  of  wells  or  springs  to  supply  current  needs  varies 
somewhat  with  location.  The  Coastal  Plain  has  ample  supplies  of  under- 
ground water.  The  Piedmont  may  be  described  as  an  area  of  limited  ground 
water  supplies.  Deep  wells  usually  are  necessary  to  provide  large  quan- 
tities of  dependable  supply.  The  shallow  we 11s  used  on  most  farms  may 
have  limited  capacity  to  exceed  current  demands.  In  the  Appalachian 
Valley  the  underground  supplies  vary  with  location.  In  some  parts  of 
the  Shenandoach  Valley  water  must  be  hauled  by  truck  during  prolonged 
droughts.  The  underground  supplies  for  the  Appalachian  Ridges  and  the 
Appalachian  Plateau  are  highly  variable,  depending  upon  location  within 
the  area.  Supplies  in  the  valleys  where  most  of  the  crop  and  livestock 
farms  are  located  are  more  dependable  than  those  in  the  upland  areas. 

The  total  demand  for  water  by  rural  users  is  a rather  modest  figure  com- 
pared to  the  total  basin  needs.  The  1960  requirement  for  rural  domestic 
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water  is  estimated  to  be  12,590  million  gallons;  for  livestock,  3,727 
million  gallons;  and  for  other  agricultural  uses,  including  orchard 
spraying,  308  million  gallons.  These  amount  to  an  estimated  16,625 
million  gallons  for  the  annual  rural  water  requirements,  excluding  ir- 
rigation. Relative  to  other  users  in  the  basin,  agriculture  is  a 
"small  user"  of  water  and  an  extensive  user  of  land.  Trends  indicate 
that  this  relationship  is  likely  to  continue  in  the  future. 

The  present  demand  for  water  for  recreational  uses  in  terms  of 
surface  area  is  difficult  to  determine.  Water  has  served  as  a habi- 
tat for  fish  and  wildlife  on  which  early  civilization  fed  and,  more 
recently,  hunted  for  sport.  Demands  for  the  recreational  use  of  wa- 
ter, such  as  swimming,  boating,  fishing,  hunting,  and  other  water 
sports  are  growing  and  creating  pressures  from  many  groups,  because 
of  more  time  available  for  leisure  and  outdoor  life  and  improved  means 
of  transportation.  It  is  recognised  that  recreational  use  of  water 
may  compete  with  other  water  uses.  However,  in  comprehensive  river 
basin  planning,  facilities  such  as  those  for  recreational  use  must  be 
provided.  Controlling  floods,  keeping  water  faucets  flowing,  and  the 
wheels  of  industry  turning  are  musts,  but  they  are  not  enough.  Han's 
desires  as  well  as  his  basic  needs  must  be  considered.  Statistics  in- 
dicate that  the  demand  for  water-based  recreation  is  greater  than  the 
supply.  This  applies  with  special  emphasis  in  the  Potomac  Valley  with 
its  generally  moderate  climate  and  its  nearness  to  major  population 
centers.  As  the  population  grows  and  technologies  improve,  there  will 
be  more  people  with  more  time  to  spend  on  recreational  pursuits.  In 
some  localities  recreational  revenues  could  become  the  major  source  of 
economic  returns. 

Conflicts  with  respect  to  water  usage  between  agriculture  and 
other  users  are  less  intensive  in  the  Potomac  than  they  are  in  many 
other  river  basins  largely  because  the  quantity  is  generally  adequate. 
However,  when  the  quantity  is  reduced  in  periods  of  drought,  impair- 
ment in  quality  results  in  less  suitability  for  diversified  uses  and 
more  costly  treatment  in  order  to  satisfy  uses,  such  as  water  for  food 
processing  or  other  agricultural  purposes. 

19.  FUTURE  DEMANDS  FOR  WATER  IN  RURAL 

AREAS  BASED  ON  PROJECTED  DEVELOPMENTS 

The  development  of  irrigation  in  the  Potomac  River  basin  is  im- 
portant in  the  evaluation  of  the  future  water  needs  for  the  following 
reasons:  (1)  The  location  of  the  development  may  create  localized 

shortages  in  an  area  of  competing  users  during  periods  of  drought; 

(2)  since  the  primary  source  of  water  for  irrigation  is  from  surface 
supplies,  it  may  be  direct  competition  in  several  areas  with  such  uses 
as  municipal  water  supply  and  water  quality  control;  (3)  irrigation  re- 
quires large  amounts  of  water  per  acre  and,  properly  applied,  is  a com- 
pletely consumptive  use;  and  (4)  the  peak  demand  for  irrigation  water 
usually  occurs  during  July,  which  is  also  a peak  demand  period  for  resi- 
dential and  other  non- farm  uses,  although  record  low  flows  of  surface 
streams  usually  occur  during  August  and  September. 

In  spite  of  these  apparent  problems,  the  projected  irrigation  re- 
quirements cause  little  or  no  conflict  with  other  uses  for  water  because 
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the  areas  irrigated  are  widely  scattered  over  the  basin  and,  in  total, 
the  water  required  is  a relatively  small  percentage  of  the  total  basin 
requirements . 

Currently,  more  than  400,000  acres  of  land  physically  suitable  for 
irrigation  lie  within  a reasonable  distance  of  permanently  flowing 
streams.  It  is  estimated  that  during  periods  of  severe  drought  there 
will  be  irrigation  on  approximately  25,000  acres  of  crop  and  pasture 
land  by  1985  and  on  approximate ly  40,000  acres  by  2010.  This  represents 
an  average  annual  increase  of  approximately  3 percent.  Figures  6 and  7 
show  the  location  and  extent  of  the  projected  irrigation  for  1985  and 
2010,  respectively. 

The  volumes  of  water  estimated  to  meet  the  projected  needs  are  ap- 
proximately 10,600  acre- feet  for  the  peak  month  (July)  and  a seasonal 
total  of  approximately  35,200  acre- feet  for  the  year  1985.  For  the  year 
2010,  the  expected  need  is  approximately  17,200  acre- feet  for  the  peak 
month  and  a seasonal  total  of  approximately  59,000  acre- feet.  The  peak 
month  requirements  amount  to  about  30  percent  of  the  seasonal  total. 

The  quantities  of  water  required  during  the  peak  month  to  irrigate 
the  estimated  acreages  for  the  two  time  intervals  are  shown  by  sub- 
watersheds  in  table  11.  The  quantities  have  been  converted  to  flow  in 
cubic  feet  per  second  per  day.  These  quantities  were  subtracted  from 
the  low  flow  in  order  to  calculate  the  residual  flow  available  to  meet 
local  and  downstream  water  supply  needs. 

During  the  next  50  years  the  annual  rural  water  requirements  in  the 
Potomac  River  basin,  excluding  irrigation,  are  expected  to  increase  500 
percent.  This  increase  is  attributed  primarily  to  rising  standards  of 
living  among  rural  people  and  increasing  population  in  rural  areas.  The 
non- farm  population  in  rural  areas  and  small  towns  is  expected  to  in- 
crease from  1,083,500  to  2,021,700  by  2010,  while  the  farm  population  is 
expected  to  decline  from  207,700  to  134,300.  As  a result,  total  annual 
rural  water  requirements,  exclusive  of  irrigation  water,  are  estimated  to 
increase  from  17  billion  gallons  to  100  billion  gallons.  Approximately 
93  percent  of  the  projected  increase  is  attributed  to  increased  population 
and  increased  per  capita  use.  Annual  livestock  requirements  are  estimated 
to  increase  from  3.7  million  gallons  to  5 billion  gallons  by  2010.  Water 
required  for  orchard  spraying  and  other  agricultural  uses  is  predicted  to 
remain  relatively  constant  at  approximately  300  million  gallons  per  year. 

A major  part  of  the  supplies  necessary  to  meet  projected  requirements  x^ill 
be  provided  by  ground  water  sources  as  at  present.  To  supplement  ground 
water,  it  is  expected  that  farm  reservoirs  xvi 1 1 be  developed  to  meet  live- 
stock and  other  agricultural  needs.  The  needs  of  the  rural  communities 
and  small  toxms  have  been  considered  and  provided  for  by  larger  withdrawals 
from  surface  streams  or  from  storage  in  the  upstream  reservoirs. 

The  present  and  projected  estimates  of  rural  water  requirements  ex- 
cluding irrigation,  are  shown  by  time  intervals  in  tables  12  through  14. 
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Table  11  - Estimated  Irrigation  Water  Quantities  by  Sub-watersheds  for  Peak  Month  (July) 

Potomac  River  Basin 
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Note:  Sub-watersheds  9,  15,  17,  19,  20,  23,  25,  31,  39,  40, 

64,  65,  66,  and  69  have  no  irrigation  requirements. 
Sub-watersheds  71  through  77  are  in  the  Coastal  Plain 
and  use  ground  water  as  the  source  of  supply. 


Table  12  - Estimated  Annual  Rural  Water  Requirements,  Excluding  Irrigation,  1960 

Potomac  River  Basin 
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Table  13  - Estimated  Annual  Rural  Water  Requirements,  Excluding  Irrigation,  1985 

Potomac  River  Basin 
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feet  15,250  146,365  11,940  173,555  13,000  970  187,525 


Table  14  - Estimated  Annual  Rural  Water  Requirements,  Excluding  Irrigation,  2010 

Potomac  River  Basin 
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SECTION  V - UPSTREAM  STRUCTURAL  MEASURES 


20.  THE  ROLE  OF  THE  UPSTREAM 

STRUCTURAL  MEASURES 

The  upstream  structural  measures  included  in  the  plan  are  for  flood 
prevention  and  sediment  control  in  the  upstream  areas,  and  for  the  stor- 
age of  water  for  water  supply  and  water  quality  control,  recreation, 
fish  and  wildlife,  and  other  beneficial  uses.  They  consist  of  single 
purpose  dams  for  flood  prevention,  single  purpose  reservoirs  for  water 
supply  and  quality  control  and  recreation,  and  multiple  purpose  struc- 
tures combining  two  or  more  of  these  purposes.  Land  treatment  measures 
are  considered  as  the  first  increment  in  watershed  improvement  and  are 
supplemented,  where  needed,  by  structural  measures.  Upstream  structural 
measures  provide  permanent  storage  for  water  supply,  water  quality  con- 
trol, recreation,  and  temporary  storage  of  runoff  for  flood  prevention 
in  small  watersheds.  Multiple  purpose  development  of  upstream  sites 
usually  provides  the  most  economical  storage  to  meet  upstream  needs. 

The  effects  of  such  projects  on  low  flows  and  annual  yields  will 
depend  on  the  inflow-evaporation  relationship,  geology,  and  other  fac- 
tors at  each  site.  Floodwater-retarding  structures  provide  the  highest 
degree  of  flood  protection  immediately  downstream  from  the  dams.  For 
reaches  further  downstream,  the  degree  of  protection  varies  with  the 
percentage  of  the  watershed  controlled. 

Estimated  effects  of  upstream  measures  for  regulating  flood  flows 
augmenting  low  flows  and  the  effect  on  annual  yields  are  illustrated 
by  data  from  the  South  Fork  River.  Peak  flows  produced  by  the  1949  storm 
were  tabulated  at  two  points  on  the  South  Fork  (Moorefield)  River.  Hydro 
graphs  were  prepared  to  determine  the  modifications  effected  at  these  two 
points  by  proposed  land  treatment  and  structural  measures.  At  the  Brandy 
wine  gaging  station  these  measures  would  reduce  the  peak  flow  from  a sim- 
ilar storm  from  41,000  cubic  feet  per  second  to  12,000  cubic  feet  per 
second.  At  Moorefield,  the  reduction  would  be  from  39,000  to  15,000  cu- 
bic feet  per  second. 

Routings  of  two-year  hydrographs  through  structures  indicated  that 
low  flows  would  increase  appreciably  for  a period  after  each  major  storm. 
Also,  mean  daily  flows  would  increase  slightly  during  the  "wet"  years 
but  would  decrease  slightly  during  the  "dry"  years.  Annual  yields  are 
estimated  to  decrease  very  slightly  as  a result  of  land  treatment  and 
the  evaporation  losses  expected  from  the  pool  surfaces. 

21.  POTENTIAL  FOR  UPSTREAM 

STRUCTURAL  DEVELOPMENT 

In  a number  of  sub-watersheds  it  was  found  that  the  low  flows  were 
not  sufficient  to  meet  the  future  water  needs  of  the  upstream  areas.  The 
solutions  considered  for  meeting  the  water  requirements  consisted  of  de- 
velopment of  ground  water  supplies,  including  wells  and  springs,  and  the 
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development  of  surface  water  resources  by  impoundments. 

More  than  2,500  potential  damsites  were  located  on  topographic  maps. 

A number  of  qualifying  criteria  were  used  to  locate  and  select  each  site. 
These  were:  (1)  capacity  to  store  a minimum  of  4 inches  of  runoff  from 

the  contributing  drainage  area;  (2)  height  of  the  dam  normally  not  to  ex- 
ceed 100  feet;  (3)  the  pool  area  to  be  relatively  free  of  obstructions 
and  developments,  such  as  main  highways  and  railroads  and  small  towns; 
and  (4)  the  drainage  area  above  the  site  to  range  between  1 to  about  25 
square  miles. 

Preliminary  studies  indicated  that  about  800  of  these  damsites  had 
favorable  topographic  features  and  location  in  relation  to  local  water 
problems  and  needs.  These  sites  were  investigated  for  storage  for  water 
supply  and  quality  control,  flood  prevention,  and  recreation. 

The  basic  requirements  for  water  supply,  water  quality  control,  and 
flood  prevention  depend  on  the  maintenance  or  regulation  of  streamflows. 
Recreational  use  of  the  water  resources  depends  upon  regulation  of  stream- 
flows  and  provisions  for  the  maintenance  of  adequate  surface  areas.  In 
many  instances,  the  requirements  could  be  served  best  by  multiple  purpose 
structures.  The  same  additional  streamflow  required  to  serve  water  supply 
needs  also  satisfied  some  of  the  water  requirements.  At  most  of  the  sites 
the  topographic  limits  were  such  that  the  3-year  refill  could  be  stored 
and  also  the  4 inches  of  direct  runoff  could  be  temporarily  retained. 

The  3-year  refill  rate  is  the  maximum  supplemental  storage  provided  in  the 
structure  based  on  the  water  yield  per  square  mile  of  drainage  area  above 
the  dam.  The  water  yield  was  computed  from  the  cumulative  daily  flow 
during  the  period  of  minimum  flow  recorded  for  the  stream.  Thus,  where 
conditions  warranted,  many  of  the  sites  selected  for  a single  purpose  role 
also  were  analyzed  for  multiple  purpose  use.  Multiple  purpose  use,  where 
justified,  showed  the  greatest  excess  of  benefits  over  cost  and,  there- 
fore, was  considered  to  be  the  most  economical  solution  to  the  water  re- 
source problems  in  the  individual  sub-watershed. 

Table  15  shows  the  total  number  and  project  purpose  of  the  structures 
by  sub-watersheds  included  in  the  plan  for  the  development  of  the  water 
resources  of  the  basin. 
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Table  15  - Number  and  Project  Purpose  of  Structures 
by  Sub-watersheds  Included  in  the  Plan  for  the 
Comprehensive  Development  of  Water  Resources 
Potomac  River  Basin 


Sub- 

watershed 

no. 

Total  : 

no.  of 
structures 

Project  purpose 

of  structures 

Single 

purpose 

flood 

prevention 

Single  : 

purpose 
water  • 

supp ly 

Single 

purpose 

recreational 

use 

Multiple 

purpose 

use 

1 

11 

11 

3 

2 

2 

8 

35 

34 

1 

9 

5 

4 

1 

10 

4 

4 

11 

7 

7 

12 

5 

5 

15 

3 

3 

19 

5 

5 

20 

6 

5 

1 

21 

24 

21 

3 

22 

9 

9 

23 

6 

6 

24 

8 

8 

25 

2 

1 

1 

26 

9 

6 

1 

2 

27 

1 

1 

28 

22 

22 

30 

6 

5 

1 

32 

5 

2 

2 

1 

33 

10 

5 

3 

2 

34 

28 

12 

10 

6 

35 

26 

22 

2 

2 

36 

22 

3 

8 

11 

37 

15 

10 

3 

2 

38 

3 

3 

39 

5 

2 

2 

1 

41 

5 

2 

3 

42 

9 

1 

8 

43 

2 

2 

44 

3 

3 

45 

7 

3 

2 

2 

46 

15 

12 

1 

2 

47 

1 

1 

50 

2 

2 

51 

6 

4 

1 

1 

52 

19 

6 

1 

12 

53 

14 

6 

2 

6 

58 

3 

3 

59 

13 

2 

11 

60 

16 

10 

6 

68 

10 

10 

69 

2 

2 

71 

4 

4 

74 

3 

3 

Totals 

418 

258 

73 

9 

78 

71 


SECTION  VI  - THE  PLAN  FOR  UPSTREAM  STRUCTURAL  MEASURES 


22.  WATER  SUPPLY  AND  WATER 

QUALITY  DEVELOPMENT 

Investigations  by  the  U.  S.  Geological  Survey  disclose  that  ground 
water  is  not  available  in  any  appreciable  quantity  in  the  basin  except 
in  a few  locations.  The  results  of  the  U.  S.  Geological  Survey  were 
included  in  the  ’’Ground  Water  Inventory  Interim  Report"  to  the  Corps  of 
Engineers,  dated  January  1961. 

The  Department  of  Agriculture  developed  information  to  provide  for 
the  needs  based  upon  full  development  of  the  upstream  areas  of  the  ba- 
sin to  the  year  2010.  The  plan  included  single  purpose  reservoirs  for 
water  supply  or  water  quality  control  or  both  and  multiple  purpose 
structures  x^hich  include  water  supply  or  water  quality  control  or  both 
as  one  of  the  major  project  purposes. 

The  development  of  the  surface  water  resources  was  considered  to 
be  the  most  practical  and  economical  means  of  meeting  the  demand  for 
any  appreciable  quantity  of  x^ater.  In  areas  where  the  deficiency  was 
estimated  to  be  small,  it  was  assumed  that  the  local  communities  or 
industries  x^ould  depend  on  the  development  of  ground  water  to  meet  the 
needs . 


The  water  needs  were  determined  from  the  daily  flox7  requirements 
for  water  supply  and  water  quality  control,  as  furnished  by  the  U.  S. 
Public  Health  Service.  The  needs  were  based  on  the  following  criteria. 
The  water  requirements  for  water  supply  and  quality  control  were  used 
to  balance  the  demands  against  the  minimum  flows  (daily  flow,  30-year 
frequency  for  water  supply  purposes,  and  the  minimum  7-day  flow,  10-year 
frequency  for  quality  control)  to  determine  whether  a deficiency  existed. 

There  were  communities  in  seven  tributaries  above  Washington,  D.C., 
where  development  of  the  surface  water  resources  x;as  determined  to  be 
the  most  practical  and  economical  means  of  meeting  the  local  need  for 
water  supply  and  vzater  quality.  The  tributaries  are:  (1)  Moorefield 

River,  (2)  Conococheague  Creek,  (3)  Antietam  Creek,  (4)  Monocacy  River, 
(5)  North  Branch  Shenandoah  River,  (6)  South  Branch  Shenandoah  River, 
and  (7)  Opequon  Creek.  In  addition,  there  were  several  small  communi- 
ties throughout  the  basin  xvhere  xvater  supply  of  suitable  quality  could 
be  provided  most  economically  from  surface  storage. 

The  structural  plan  for  water  supply  and  Xizater  quality  improvement 
is  discussed  by  physiographic  regions  beginning  in  the  upstream  or  head- 
water reaches. 

In  the  Appalachian  Plateau  region  there  were  no  population  centers 
in  the  upstream  areas  that  would  benefit  from  storage  of  water  for  sup- 
ply and  quality  improvement. 
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In  the  Appalachian  Ridges  region  there  are  four  upstream  population 
centers  that  will  benefit  from  storage  for  water  supply  and  water  quali- 
ty control.  They  are  Moorefield,  Augusta,  and  Maysville,  West  Virginia, 
and  McConnelsburg,  Pennsylvania. 

In  addition,  four  single  purpose  upstream  reservoirs,  three  on  Town 
Creek  and  one  on  Tonoloway  Creek,  are  included  to  provide  water  supply  to 
Washington,  D.C.  These  four  will  be  built  with  the  major  reservoirs  on 
Town  Creek  and  Tonoloway  Creek  to  reduce  the  initial  costs  and  increase 
the  efficiency  of  these  two  major  reservoirs. 

(1)  The  maximum  estimated  need  at  Moorefield  is  39.7  cubic 
feet  per  second.  The  design  minimum  flow  is  estimated  to  be  10.0  cubic 
feet  per  second;  therefore,  29.7  cubic  feet  per  second  are  needed  from 
storage.  Three  multiple  purpose  structures  yielding  32.3  cubic  feet  per 
second  can  meet  these  needs. 

(2)  At  Maysville,  West  Virginia,  there  is  an  estimated  need  of 
0.4  cubic  foot  per  second  of  flow  from  storage.  One  site  developed  to 
optimum  as  a multiple  purpose  structure  and  yielding  2.3  cubic  feet  per 
second  can  supply  the  needs. 

(3)  At  Augusta,  West  Virginia,  the  estimated  maximum  need  is 
0.6  cubic  foot  per  second  of  flow  from  storage.  One  structure  can  pro- 
vide this  need.  This  multiple  purpose  structure  would  yield  8.5  cubic 
feet  per  second  of  supplemental  flow  at  optimum  development. 

(4)  At  McConnelsburg,  Pennsylvania,  there  is  an  estimated  need 
of  7.2  cubic  feet  per  second  of  flow  from  storage.  Three  structures 
yielding  7.5  cubic  feet  per  second  can  supply  these  needs.  This  amount 
of  supplemental  flow  will  provide  adequately  for  water  supply  and  stream 
quality  at  McConnelsburg,  Pennsylvania.  However,  Knobesville,  Pennsyl- 
vania, in  the  upper  part  of  the  watershed,  has  an  estimated  need  of  0.4 
cubic  foot  per  second  of  flow  for  stream  quality  control,  which  was  con- 
cluded not  feasible  to  supply  from  storage. 

In  the  Appalachian  Valley  region  are  located  several  of  the  largest 
urban  areas  in  the  basin,  exclusive  of  the  Washington  metropolitan  area. 
This,  plus  the  fact  that  ground  water  resources  are  variable  and  limited 
in  supply,  gives  rise  to  the  greatest  upstream  demand  for  water  from 
surface  storage.  Population  centers  in  the  area  of  Chamber sburg- 
Greencastle,  Pennsylvania,  in  the  Conococheague  sub-watershed;  Mercers- 
burg,  Pennsylvania,  on  the  West  Branch  of  the  Conococheague;  Waynesboro, 
Pennsylvania,  and  Hagerstown,  Maryland,  on  the  Antietam;  Charles  Town, 
West  Virginia,  on  the  Opequon;  and  most  of  the  population  centers  on  the 
Shenandoah  River  and  tributaries  will  benefit  from  surface  storage. 

(1)  On  the  West  Branch  of  the  Conococheague,  there  is  an  esti- 
mated need  of  0.7  cubic  foot  per  second  at  Fanne ttsburg , Pennsylvania. 

One  structure,  yielding  1.4  cubic  feet  per  second  of  supplemental  flow, 
can  supply  the  needs.  This  single  purpose  water  supply  reservoir  will 
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augment  the  flow  from  the  major  reservoir  on  the  West  Branch.  Together 
they  will  meet  the  needs  of  44.0  cubic  feet  per  second  at  Mercer sburg 
and  provide  improvement  in  stream  quality  to  the  confluence  of  the  West 
Branch  and  the  Conococheague  Creek. 

(2)  The  estimated  maximum  requirement  in  the  Conococheague 
Creek  below  Greencastle,  Pennsylvania,  is  182.0  cubic  feet  per  second 
of  supplemental  flow.  The  estimated  maximum  requirements  at  Chambers- 
burg,  Pennsylvania,  are  100.3  cubic  feet  per  second  of  supplemental 
flow,  of  which  31.8  cubic  feet  per  second  is  for  water  supply.  Four- 
teen single  purpose  reservoirs,  yielding  41.6  cubic  feet  per  second, 
can  meet  the  need  for  water  supply  at  Chamber sburg,  Pennsylvania,  and 
augment  the  flow  from  the  major  reservoir  for  stream  quality.  One 
single  purpose  reservoir,  yielding  1.1  cubic  feet  per  second,  can  sup- 
ply water  to  the  community  of  St.  Thomas,  Pennsylvania.  Seven  addi- 
tional structures,  yielding  37.2  cubic  feet  per  second,  will  assist  in 
improving  the  stream  quality  by  augmenting  the  flow  from  the  major  res- 
ervoirs. 


(3)  The  estimated  need  at  Waynesboro,  Pennsylvania,  is  63.8 
cubic  feet  per  second  of  supplemental  flow.  Of  this  amount,  25.8  cu- 
bic feet  per  second  are  needed  for  water  supply,  and  the  remainder  is 
for  quality  control.  Three  single  purpose  reservoirs  will  provide  the 
water  supply  for  Waynesboro,  Pennsylvania.  Collectively,  these  three 
will  yield  26.5  cubic  feet  per  second  of  supplemental  flow,  which  is 
adequate  for  water  supply  needs  at  Waynesboro,  Pennsylvania.  Five 
additional  structures,  having  a combined  potential  yield  of  42.0  cubic 
feet  per  second  of  supplemental  flow,  will  provide  water  for  quality 
improvement  below  Waynesboro,  Pennsylvania,  Hagerstown,  Maryland,  and 
the  lower  reaches  of  the  Antietam  Creek  above  its  confluence  with  the 
Potomac . 


(4)  The  estimated  maximum  requirement  below  Martinsburg, 

West  Virginia,  is  150.6  cubic  feet  per  second  of  supplemental  flow  for 
stream  quality.  The  estimated  maximum  requirement  at  Winchester, 
Virginia,  is  67.0  cubic  feet  per  second  of  supplemental  flow,  of  which 
21.2  cubic  feet  per  second  is  for  water  supply  needs  and  45.9  cubic 
feet  per  second  is  for  water  quality  control. 

Three  single  purpose  reservoirs  having  a combined  supplemental 
flow  of  30.5  cubic  feet  per  second  will  provide  part  of  the  water  qual- 
ity needs  and  will  augment  the  supplemental  flow  of  the  major  reservoir 
on  the  Opequon,  which  meets  the  needs  at  Martinsburg,  West  Virginia. 

An  expansion  of  an  existing  diversion  to  21.1  cubic  feet  per  second 
from  the  North  Fork  of  the  Shenandoah  will  provide  the  water  supply  needs 
at  Winchester,  Virginia. 

(5)  There  is  an  estimated  maximum  requirement  of  13.5  cubic 
feet  per  second  of  supplemental  flow  at  Hedgesville  and  DeHaven,  West 
Virginia.  One  multiple  purpose  dam  will  provide  this  need  for  stream 
quality  improvement.  It  will  yield  16.3  cubic  feet  per  second  at  maxi- 
mum development. 
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(6)  There  is  an  estimated  maximum  requirement  of  7.4  cubic 
feet  per  second  of  supplemental  flow  at  the  lit.  Clinton-Torn  Brook-Lantz 
Mills  area  on  the  Lower  North  Fork  of  the  Shenandoah.  Three  dams  can 
provide  for  these  needs.  The  combined  supplemental  flow  of  these  struc- 
tures is  8.0  cubic  feet  per  second.  This  will  provide  adequately  for 
the  water  supply  and  improvement  in  stream  quality. 

(7)  There  is  an  estimated  maximum  requirement  of  4.6  cubic 
feet  per  second  of  supplemental  flow  for  the  Forestville-Edom-Linville 
area  in  the  Upper  North  Fork  of  the  Shenandoah.  In  addition,  there  is 
an  estimated  159.0  cubic  feet  per  second  of  flow  from  storage  needed 
for  stream  quality  in  the  Upper  North  Fork.  Three  structures  can  pro- 
vide for  part  of  the  water  needs  by  furnishing  the  water  supply  for  the 
upstream  areas  and  by  augmenting  the  supplemental  flow  from  the  major 
reservoir  on  the  Upper  North  Fork.  Collectively,  they  will  provide  a 
supplemental  flow  of  32.7  cubic  feet  per  second. 

(8)  In  the  North  River  there  is  an  estimated  maximum  require- 
ment of  78.3  c.f.s.  per  second  of  supplemental  flow  from  storage  in 
the  Harrisonburg-Bridgewater-Day ton  area,  plus  a need  of  6.0  cubic  feet 
per  second  in  Rawley  Springs-Mt.  Clinton- Sparkling  Springs  area.  Six- 
teen structures  can  provide  this  water  need.  Ten  single  purpose  water 
supply  reservoirs  will  yield  21.4  cubic  feet  per  second  at  maximum  de- 
velopment. Six  multiple  purpose  dams  are  included,  and  the  combined 
yield  of  the  16  structures  at  maximum  development  is  88.7  cubic  feet 
per  second.  These  yields  will  adequately  provide  for  the  water  supply 
and  the  improvement  in  stream  quality  in  the  North  River. 

(9)  In  the  Middle  River  there  is  an  estimated  maximum  require- 
ment of  57.0  cubic  feet  per  second.  A part  of  this  requirement  is  2.2 
cubic  feet  per  second  in  the  upstream  areas  of  Churchville,  Jolivue,  and 
Middlebrook,  Virginia.  Two  structures  supplying  10.0  cubic  feet  per 
second  can  meet  the  upstream  water  needs  in  this  area  for  water  supply 
and  quality  control  above  the  major  reservoir. 

(10)  There  is  an  estimated  maximum  requirement  of  244.2  cubic 
feet  per  second  of  supplemental  flow  from  storage  at  Waynesboro,  Virginia. 
Of  this  amount,  a maximum  of  39.2  cubic  feet  per  second  are  needed  for 
water  supply  at  Waynesboro,  Virginia.  In  order  to  supply  the  205  cubic 
feet  per  second,  it  would  be  necessary  to  divert  water  from  Middle  River. 
The  Corps  of  Engineers'  studies  indicate  that  a trunk  pipeline  to  carry 
the  effluent  from  Waynesboro  to  the  confluence  of  North,  Middle,  and 
South  Rivers  is  the  most  economical  means  of  meeting  all  the  needs  for 
quality  control.  However,  when  this  means  is  used  there  is  need  for  an 
additional  10.0  cubic  feet  per  second  to  maintain  a flowing  stream  in 
South  River,  making  a total  need  of  49.2  cubic  feet  per  second.  Eleven 
structures  above  Waynesboro  will  provide  an  estimated  yield  of  37.1  cu- 
bic feet  per  second  of  supplemental  flow.  Eight  reservoirs  located  be- 
low Waynesboro  are  estimated  to  yield  16.3  cubic  feet  per  second.  Col- 
lectively, these  structures  will  yield  53.4  cubic  feet  per  second  of 
supplemental  flow,  which  is  adequate  to  meet  the  needs  estimated  to  be 
49.2  cubic  feet  per  second. 
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(11)  In  the  Upper  South  Fork  of  the  Shenandoah  there  is  an 
estimated  maximum  requirement  of  4.2  cubic  feet  per  second  of  supple- 
mental flow  needed  for  the  McGahaysville-Montivideo-Penn  Laird-Keezle- 
town  area.  Two  multiple  purpose  dams  can  supply  part  of  these  needs. 

(12)  In  Hawks  Bill  Creek  there  is  an  estimated  25.7  cubic 
feet  per  second  of  supplemental  flow  required  to  improve  stream  quali- 
ty between  Luray  and  the  confluence  of  Hawks  Bill  Creek  and  the  South 
Fork  of  the  Shenandoah  River.  Four  structures  can  provide  a part  of 
the  water  needs.  Collectively,  they  yield  8.8  cubic  feet  per  second 
of  supplemental  flow.  This  will  leave  a deficiency  in  stream  quality 
water  below  Luray.  The  alternative  would  be  to  pipe  the  effluent  from 
Luray  directly  to  the  South  Fork  of  the  Shenandoah. 

(13)  There  is  need  for  3.2  cubic  feet  per  second  of  supple- 
mental flow  for  Boyce,  Rippon,  and  Summit  point  along  the  main  stem  of 
the  Shenandoah.  Two  structures,  yielding  4.8  cubic  feet  per  second, 
will  supply  these  needs. 

In  the  Piedmont  region  the  greatest  upstream  need  for  water  from 
storage  occurs  in  the  Monocacy  River  and  tributary  areas.  In  addition, 
there  are  some  needs  in  Catoctin  Creek,  Bull  Run,  Goose  Creek,  Occoquan 
Creek,  and  Broad  Run  in  Virginia. 

(1)  In  the  Thurmont,  Maryland,  area  there  is  an  estimated  re- 
quirement of  8.3  cubic  feet  per  second  of  supplemental  flow  from  stor- 
age. Two  dams  will  provide  the  needed  supplemental  flow.  Collectively, 
they  yield  3.6  cubic  feet  per  second  at  maximum  development. 

(2)  In  the  Emmitsburg,  Maryland,  area  there  is  an  estimated 
requirement  of  9.6  cubic  feet  per  second  of  supplemental  flow  from 
storage.  Two  dams  will  provide  adequately  for  these  needs.  They  will 
yield  12.6  cubic  feet  per  second  of  supplemental  flow  at  optimum  de- 
velopment . 


(3)  In  the  Gettysburg- Lit ties town  area  there  is  an  estimated 
need  for  65.7  cubic  feet  per  second  of  supplemental  flow  from  storage. 
Thirteen  structures  can  supply  all  the  water  supply  needs  and  most  of 
the  needs  for  water  quality.  Collectively,  they  will  yield  49.2  cubic 
feet  per  second  of  supplemental  flow.  This  will  result  in  a deficiency 
of  about  16  cubic  feet  per  second  of  flow  for  stream  quality  improve- 
ment. 

(4)  In  the  Westminster-New  Windsor-Union  Bridge  area  there  is 
an  estimated  need  of  38.3  cubic  feet  per  second  of  supplemental  flow 
from  storage.  Eight  dams  can  supply  a part  of  these  needs.  Collective- 
ly, the  yield  from  these  structures  is  estimated  to  be  32.0  cubic  feet 
per  second  of  supplemental  flow.  This  will  adequately  provide  for  the 
water  supply  needs,  but  there  will  be  a slight  deficiency  in  water  for 
stream  quality  improvement.  The  amount  of  this  deficiency  will  depend 
largely  on  how  much  of  the  effluent  from  Westminster  is  discharged  into 
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tributaries  of  the  Potomac  River. 


(5)  In  the  Hillsboro-Mechanicsville  area  there  is  an  estimated 
need  of  1.2  cubic  feet  per  second  of  supplemental  flow  from  storage.  One 
structure,  yielding  1.8  cubic  feet  per  second  at  maximum  development,  will 
provide  the  needed  supplemental  flow. 

(6)  In  the  Round  Hill-Upperville-Middleburg  area  there  is  an 
estimated  requirement  of  2.9  cubic  feet  per  second  of  supplemental  flow 
from  storage.  Three  structures  can  adequately  provide  these  needs.  Col- 
lectively, these  structures  yield  17.1  cubic  feet  per  second  at  maximum 
development . 

(7)  In  the  Areola-Sterling  area  there  is  an  estimated  require- 
ment of  38.1  cubic  feet  per  second  of  supplemental  flow.  Three  structures, 
yielding  11.6  cubic  feet  per  second  of  supplemental  flow,  can  provide  part 
of  the  needs  of  this  area. 

(8)  In  Manassas-Dulles  airport  vicinity  there  is  an  estimated 
requirement  of  66.0  cubic  feet  per  second  from  storage.  Eleven  dams  will 
provide  the  needed  supplemental  flow.  Collectively,  they  will  yield  61.1 
cubic  feet  per  second.  This  will  adequately  provide  for  the  needs  of  the 
sub-watershed . 

(9)  In  the  Warrenton-Nokesville-Calver ton  area  there  is  an  es- 
timated requirement  of  10.5  cubic  feet  per  second  of  supplemental  flow 
needed  from  storage.  Seven  structures  have  been  proposed  for  development. 
Collectively,  they  will  yield  43.7  cubic  feet  per  second.  This  yield  is 
more  than  adequate  to  provide  the  estimated  requirements  of  the  area  but 
will  help  to  meet  the  shortage  in  adjacent  areas  if  needed. 

There  were  no  requirements  for  water  supply  or  quality  improvement 
from  storage  for  the  Coastal  Plain  region.  According  to  the  interim  re- 
port on  the  ground  water  resources  of  the  Potomac  River  basin  prepared 
by  the  U.  S.  Department  of  the  Interior,  the  five  aquifers  in  the  Coastal 
Plain  are  capable  of  consistently  supporting  wells  which  will  yield  100,000 
gallons  per  day.  Therefore,  it  was  concluded  that  ground  water  would  meet 
the  requirements. 

A summary  of  the  pertinent  data  for  all  structural  measures  needed 
for  water  supply  and  water  quality  control  is  shown  in  table  16. 

23.  DEVELOPMENT  FOR  REDUCTION 

OF  FLOOD  DAMAGES 

The  Department  of  Agriculture  studied  the  flood  damages,  by  reaches, 
within  the  sub-watersheds  of  the  basin.  An  economic  analysis  of  the 
costs  and  benefits  indicated  the  number  and  location  of  the  floodwater- 
retarding  structures  that  will  be  necessary  and  justified  to  reduce  the 
projected  damages  within  a sub-watershed,  based  on  the  midpoint,  for  the 
next  50  years. 
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Table  16  - Upstream  Structures  Needed,  By  Time  Intervals 
for  Water  Supply  and  Water  Quality  Requirements 
Potomac  River  Basin 
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Water  supply 
Quality  control 


Table  16  (cont.)  - Upstream  Structures  Needed,  By  Time  Intervals 
for  Water  Supply  and  Water  Quality  Requirements 
Potomac  River  Basin 
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Table  16  (cont.)  - Upstream  Structures  Needed,  By  Time  Intervals 

for  Water  Supply  and  Water  Quality  Requirements 
Potomac  River  Basin 
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43-8  1.7  387  903  4,640  2.9  1965  WS&QC  @ Ripon  and  Summit  Pt 

43-34  3.1  696  1,625  2,880  5.1  1965  WS&QC  @ Boyce 


Table  16  (cont.)  - Upstream  Structures  Needed,  By  Time  Intervals 
for  Water  Supply  and  Water  Quality  Requirements 
Potomac  River  Basin 
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QC  @ Union  Bridge  and 
New  Windsor 


Table  16  (cont.)  - Upstream  Structures  Needed,  By  Time  Intervals 
for  Water  Supply  and  Water  Quality  Requirements 
Potomac  River  Basin 
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Crop  and  pasture  damages  were  based  upon  an  average  level  of  man- 
agement defined  as  that  level  fully  expected  to  be  in  common  use  on 
most  flood  plain  farms  by  the  year  1985.  An  analysis  based  on  current 
yields  and  prices  indicates  that  the  present  per  acre  crop  and  pasture 
damages  are  about  45  percent  below  those  resulting  from  the  predicted 
future  levels  of  management.  Although  the  composite  effect  of  the 
projections  used  could  be  such  as  to  somewhat  overstate  present  econom- 
ic losses  from  flooding,  it  serves  as  an  indication  of  conditions  when 
most  of  the  f loodwater-retarding  structures  would  be  justified.  All 
f loodwater-retarding  structures  have  been  evaluated  by  sub-watersheds 
and  have  been  scheduled  to  be  constructed  by  1985. 

Table  17  shows  the  acres  of  flood  plain  by  use  with  and  without 
protection. 


Table  17  - Estimated  Upstream  Flood  Plain  Land  Use 
With  and  Without  Protection,  1985 
Potomac  River  Basin 


Land  use 

Without 

protection 

With 

protection 

(acres) 

(acres) 

Cropland 

33,461 

38,595 

Pasture 

53,767 

56,644 

Woodland  and  idle 

43,406 

31,147 

Miscellaneous 

6,485 

10,733 

Totals 

137,119 

137,119 

No  attempt  was  made  to  evaluate  what  effect  the  development  with- 
in the  sub-watershed  would  have  on  reduction  of  damages  further  down- 
stream on  the  major  tributaries  or  the  main  stem  of  the  Potomac. 

The  proposed  development  for  the  reduction  of  flood  damages  is 
discussed  by  sub-watersheds  and  physiographic  regions.  Wherever  it 
was  possible,  multiple  purpose  dams  were  selected  to  provide  the 
needed  storage  to  protect  local  damage  centers  and  to  provide  the 
needed  supplemental  flow. 

Table  18  shows  the  costs  and  benefits,  including  recreational 
benefits  of  the  development  for  flood  prevention  by  sub-watersheds. 

In  the  Appalachian  Plateau  region  there  are  two  sub-watersheds 
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Table  18  - Costs  and  Benefits,  Including  Incidental  Recreation  Benefits 
of  Flood  Prevention  Development  by  Sub-watersheds 
Potomac  River  Basin 


Sub-wa ter shed  no. 

Drainage  area 

Average  annual  cost 

Average  annual  benefits 

(square  miles) 

(dollars) 

(dollars) 

1 

77.0 

75,640 

99,005 

3 

12.2 

7,416 

10,508 

8 

146.3 

197,053 

285,615 

9 

38.9 

45,884 

113,238 

10 

59.6 

72,300 

149,889 

11 

66.6 

54,181 

135,984 

12 

38.3 

40,345 

80,325 

19 

35.1 

31,120 

39,872 

20 

44.8 

48,982 

67,306 

21 

118.8 

174,048 

420,969 

* 22 

71.8 

78,750 

142,180 

* 23 

40.1 

29,740 

22,919 

24 

57.2 

28,276 

41,797 

25 

28.9 

15,814 

26,796 

26 

63.5 

38,065 

63,745 

30 

96.9 

57,702 

131,006 

32 

22.9 

13,774 

17,227 

33 

46.8 

56,701 

69,500 

34 

165.8 

191,123 

258,021 

35 

128.6 

98,328 

151,690 

36 

44.5 

47,910 

116,801 

37 

56.3 

62,522 

118,782 

38 

34.0 

18,171 

36,711 

39 

27.0 

16,017 

27,914 

41 

10.4 

11,800 

30,796 

42 

9.6 

5,840 

6,532 

44 

10.0 

13,656 

22,277 

45 

14.8 

24,633 

54,114 

46 

97.4 

59,577 

81,884 

51 

37.3 

53,107 

68,449 

52 

79.1 

68,181 

147,567 

53 

77.3 

80,204 

156,164 

58 

15.6 

13,692 

25,314 

59 

103.3 

57,965 

127,406 

60 

123.6 

72,080 

195,667 

68 

46.2 

37,568 

54,713 

69 

25.0 

29,545 

90,754 

71 

20.2 

11,562 

21,040 

74 

15.2 

28,124 

38,128 

Totals 

2,207.0 

2,067,396 

3,748,605 

* Evaluate  as  one  unit 
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that  will  benefit  from  floodwater  storage.  They  are  Wills  Creek,  sub- 
watershed No.  1,  and  North  Branch  of  the  Potomac,  sub-watershed  No.  3. 

In  the  Appalachian  Ridges  region  there  are  13  sub-watersheds  that 
will  benefit  from  floodwater  storage.  They  are:  Patterson  Creek,  No.  8; 

Lunice  Creek,  No.  9;  North  Fork  of  South  Branch,  No.  10;  Upper  South 
Branch,  No.  11;  Mill  Creek,  No.  12;  Little  Cacapon,  No.  19;  North  River, 
West  Virginia,  No.  20;  Moorefield  River,  No.  21;  Lost  River,  No.  22; 
Cacapon  River,  No.  23;  Sleepy  Creek,  No.  24;  Tonoloway  Creek,  No.  25; 
and  Licking  Creek,  No.  26. 

In  Georges  Creek,  sub-watershed  No.  5,  an  effective  flood  preven- 
tion program  on  the  main  stem  would  require  as  a minimum  3 inches  of 
runoff  retardation  from  15,000  acres.  No  single  structure,  or  combina- 
tion of  structures,  above  the  damage  reach  has  the  required  capacity 
except  the  Midland  site.  However,  this  site  has  severe  geologic  limi- 
tations. There  are  no  significant  tributaries  on  Georges  Creek.  There- 
fore, no  dams  are  proposed  for  development  at  this  time. 

In  New  Creek,  sub-watershed  No.  6,  a flood  prevention  project  has 
been  planned  and  partially  installed  under  the  authority  of  the  Flood 
Control  Act  of  1944.  The  plan  includes  12  structures.  Eleven  are 
single  purpose  flood  prevention  dams,  and  one  multiple  purpose  struc- 
ture includes  flood  prevention  and  water  supply  storage  for  the  city 
of  Keyser,  West  Virginia.  Five  of  these  structures  are  now  constructed. 
The  combined  land  treatment  and  structural  measures  for  flood  prevention 
will  reduce  floodwater  and  sediment  damages  nearly  37  percent.  This 
benefit,  together  with  more  intensive  use  of  the  flood  plain  lands, 
amounts  to  an  average  annual  value  of  about  $70,000. 

In  sub-watershed  No.  18,  a direct  tributary  of  the  Potomac,  a 
flood  prevention  project  for  Warm  Springs  Run  has  been  planned  and 
partially  installed  under  the  authority  of  the  Flood  Control  Act  of 
1944.  The  plan  includes  nine  f loodwater-re tarding  structures.  Eight 
of  these  dams  have  been  constructed.  The  combined  land  treatment  and 
structural  measures  for  flood  prevention  will  reduce  floodwater  and 
sediment  damages  nearly  80  percent.  This  benefit,  together  with  more 
intensive  use  of  the  flood  plain  lands,  amounts  to  an  average  annual 
value  of  about  $19,600. 

Studies  indicated  that  the  flood  prevention  development  for  both 
New  Creek  and  Warm  Springs  Run  are  adequate  to  meet  the  needs.  There- 
fore, no  additional  development  was  considered  for  these  two  sub- 
watersheds. 

In  Patterson  Creek,  sub-watershed  No.  8,  a program  for  flood  pre- 
vention and  watershed  protection  is  now  being  planned  under  the  pro- 
visions of  the  Flood  Control  Act  of  1944.  The  plan  provides  for  34 
single  purpose  flood  prevention  dams  and  the  inclusion  of  flood  preven- 
tion in  one  multiple  purpose  structure  which  will  store  water  for  Fort 
Ashby,  West  Virginia.  Collectively,  these  structures  will  temporarily 
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store  25,836  acre- feet  of  floodwater.  The  combined  land  treatment  and 
structural  measures  will  reduce  damages  within  the  sub-watershed  by  77 
percent.  This  benefit,  together  with  more  intensive  use  of  the  flood 
plain,  amounts  to  an  average  annual  value  of  about  $268,000. 

In  Moorefield  River,  sub-watershed  No.  21,  a program  for  flood 
prevention  and  watershed  protection  has  been  developed  and  included  in 
a work  plan  under  the  provisions  of  the  Flood  Control  Act  of  1944.  The 
plan  provides  for  24  single  purpose  flood  prevention  dams.  However, 
the  comprehensive  plan  provides  for  three  of  these  structures  to  be 
made  multiple  purpose  to  provide  water  supply  and  water  quality  control 
for  the  town  of  Moorefield,  West  Virginia.  Collectively,  these  struc- 
tures will  temporarily  store  25,949  acre- feet  of  floodwater.  The  com- 
bined land  treatment  and  structural  measures  will  reduce  damages  with- 
in the  sub-watershed  by  62  percent.  This  benefit,  together  with  more 
intensive  use  of  the  flood  plain,  amounts  to  an  average  annual  value  of 
about  $400,000. 

Four  structures  are  built  and  are  in  operation  and  two  structures 
are  under  construction  or  near  completion. 

In  the  Appalachian  Valley  region  there  are  13  sub-watersheds  that 
will  benefit  from  floodwater  storage.  They  are  Back  Creek,  No.  30; 

Lower  North  Fork  Shenandoah,  No.  32;  Upper  North  Fork  Shenandoah,  No.  33; 
North  River,  Virginia,  No.  34;  Middle  River,  No.  35;  South  River,  No.  36; 
Upper  South  Fork  Shenandoah,  No.  37;  Smith  Creek,  No.  38;  Passage  Creek, 

No.  39;  Opequon,  No.  41;  Antietam  Creek,  No.  42;  Lower  South  Fork  Shen- 
andoah, No.  44;  and  Hawks  Bill  Creek,  No.  45. 

On  North  River,  Virginia,  sub-watershed  No.  34,  there  have  been 
several  watershed  work  plans  developed  on  parts  of  the  sub-watershed  un- 
der the  Flood  Control  Act  of  1944.  The  information  contained  in  these 
work  plans  was  considered  in  developing  the  needs  for  flood  prevention 
in  the  entire  sub-watershed.  An  economic  analysis  of  the  costs  and 
benefits  indicates  that  12  single  purpose  flood  prevention  structures  and 
six  multiple  purpose  dams  are  needed  and  justified,  including  those 
now  in  work  plans.  Collectively,  they  will  temporarily  store  31,858 
acre- feet  of  floodwater  and  will  control  38  percent  of  the  sub-watershed, 
thus  providing  a reduction  of  66  percent  of  the  projected  damages. 

South  River:  A watershed  work  plan  was  prepared  for  this  sub- 

watershed under  the  Flood  Control  Act  of  1944.  The  work  plan  proposed 
16  flood  prevention  structures.  Eleven  of  these  structures  have  been 
built  and  are  now  in  operation.  The  information  contained  in  the  work 
plan  was  considered  in  developing  the  needs  for  flood  prevention  in  the 
entire  sub-watershed.  An  economic  analysis  of  the  costs  and  benefits  indi- 
cates that  three  single  purpose  flood  prevention  dams  and  11  multiple 
purpose  structures  are  needed  and  justified.  It  is  proposed  that  sev- 
eral of  the  single  purpose  flood  prevention  structures  be  redesigned 
for  multiple  purpose  use  and  they  be  included  in  the  11  multiple  purpose 
structures  listed  above.  Collectively,  these  structures  will  temporarily 
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store  9,543  acre- feet  of  floodwater.  They  will  control  30  percent  of 
the  sub-watershed,  thus  providing  a reduction  of  73  percent  of  the 
projected  damages. 

In  the  Piedmont  region  there  are  nine  sub-watersheds  that  will 
benefit  from  floodwater  storage.  They  are  Goose  Creek,  No.  46;  Toms 
Creek,  No.  51;  Upper  Monocacy,  No.  52;  Big  and  Little  Pipe  Creek, 

No.  53;  Broad  Run,  No.  58;  Bull  Run,  No.  59;  Occoquon  Creek,  No.  60; 
Seneca  Creek,  No.  68;  and  Rock  Creek,  No.  69. 

In  Rock  Creek,  sub-watershed  No.  69,  a program  for  flood  preven- 
tion and  watershed  protection  is  now  being  planned  under  the  provi- 
sions of  Public  Law  566.  The  plan  provides  for  two  multiple  purpose 
structures  which  will  include  storage  for  recreation  and  temporary 
storage  for  flood  prevention.  These  two  will  temporarily  store  4,790 
acre- feet  of  floodwater  and  reduce  damages  in  the  sub-watershed  by  61 
percent.  The  benefits  accruing  to  these  dams  amount  to  an  average 
annual  value  of  $61,500  from  the  flood  damage  reduction. 

In  the  Coastal  Plain  region  there  are  two  sub-watersheds  that 
will  benefit  from  floodwater  storage.  They  are  Zekiah  Swamp-Gilbert 
Run,  No.  74,  and  St.  Mary’s  River,  No.  71. 

The  Gilbert  Run  tributary,  sub-watershed  No.  74,  has  been  planned 
under  the  authority  contained  in  Public  Law  566.  The  plan  consists  of 
three  single  purpose  f loodwater-retarding  structures  and  some  channel 
improvements.  The  average  annual  benefits  that  will  accrue  to  the 
structural  measures  amount  to  about  $34,500. 

Table  19  shows  the  average  annual  flood  damages  by  types  in  the 
upstream  areas  of  the  basin. 


Table  19  - Summary  of  Average  Annual  Flood  Damages 
by  Types  for  the  Upstream  Areas 
Potomac  River  Basin 


Agricultural : 


Crop  and  pasture 
Minor  improvements 


245,000 

$1,990,000 


$1,745,000 


Sub- total 


Non- agricultural : 


Major  improvements 
Roads  and  bridges 
Indirect  damages 


$ 828,000 


977.000 

316.000 


Sub- total 


$2,121,000 


Total 


$4,111,000 
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24.  RECREATION  BENEFITS 


The  experience  of  the  Department  of  Agriculture  has  been  that  wher- 
ever water  has  been  impounded  it  will  be  used  for  recreational  purposes 
regardless  of  whether  it  has  been  specifically  planned  for  recreational 
use . 


It  is  unnecessary  to  cite  statistics  demonstrating  the  need  for 
water-based  recreational  facilities  or  the  number  of  users  visiting  such 
impoundments  after  they  have  been  developed.  Whether  the  people  are  ur- 
ban or  rural  dwellers,  water  acts  as  a magnet;  most  people  show  a strong 
desire  for  water-oriented  recreation. 

Barring  a radical  change  in  the  circumstances  of  our  national  life, 
it  is  reasonable  to  assume  that  individual  and  group  demands  for  such 
recreational  facilities  and  services  will  be  at  least  as  strong  in  the 
future  as  they  are  today.  More  important,  however,  is  the  sum- total  of 
the  demand.  The  projected  total  demand  will  become  many  times  greater 
as  the  population  grows  and  such  conditions  as  the  spread  of  leisure 
time,  levels  of  personal  income,  and  the  mobility  of  the  public  improves. 

In  the  past  several  decades  there  has  been  increasing  recreational 
use  of  reservoir  waters.  Sherando  Lake  in  the  George  Washington  Nation- 
al Forest  serves  as  an  example.  The  availability  of  water  for  recreation 
in  such  areas  that  previously  had  little  to  offer  served  a tremendous 
need.  Other  developments  have  experienced  similar  use,  and  this  is  par- 
ticularly significant  because  many  of  these  reservoirs  were  built  for 
other  purposes. 

Recreational  use  will  be  made  of  these  reservoirs  constructed  for 
water  supply  and  water  quality  control  and  the  sediment  pools  for  flood 
prevention  dams.  None  of  the  construction  costs  have  been  allocated  to 
recreational  use,  nor  provisions  made  for  additional  facilities  for  this 
use . 


However,  benefits  from  the  recreational  use  of  these  reservoirs  were 
evaluated  by  the  National  Park  Service  and  the  Fish  and  Wildlife  Service. 

For  the  upstream  structures  the  National  Park  Service  developed  the 
criteria  for  computing  the  recreation  benefits  other  than  fishing,  and 
the  Fish  and  Wildlife  Service  developed  criteria  for  computing  the  fish- 
ing benefits.  Each  agency  prepared  an  interim  report  to  the  Department 
of  Agriculture  setting  forth  the  assumptions  and  procedures  to  be  used 
in  estimating  the  recreation  and  fishing  benefits  to  be  allocated  to 
these  projects. 

The  interim  report  prepared  by  the  National  Park  Service  gave  its 
views  as  to  the  value  of  the  recreational  use  of  these  pools,  as  follows: 

"The  value  of  $1.60  per  visitor-day,  used  by  the  National  Park 
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Service  in  evaluation  of  recreation  at  major  water  control  projects, 
is  based  upon  the  value  of  the  total  recreation  activities  and  experi- 
ences that  may  be  enjoyed  at  a water  control  project.  This  covers  a 
full  range  of  recreation  activities  including  boating,  water  skiing, 
camping,  picnicking,  swimming,  hiking,  and  interpretive  facilities 
available  in  an  atmosphere  of  big  water. 

"Boating,  water  skiing,  interpretive  services,  and  probably  hik- 
ing can  be  ruled  out  as  probable  activities.  This  leaves  swimming, 
picnicking,  and  possibly  camping,  especially  on  National  Forests,  as 
the  most  likely  activities.  The  quality  of  the  water  puts  considerable 
doubt  on  the  probability  of  acceptable  swimming  conditions.  Without 
swimming,  the  sites  seem  to  offer  little  inducement  to  visitation,  ex- 
cept for  hunting  and  fishing.  An  adjusted  value,  therefore,  of  $.75 
per  visitor-day  has  been  assigned  as  an  average  visitor-day  benefit. 

This  is  comparable  to  the  data  regarding  fees  charged  for  various  activ- 
ities in  the  Agricultural  Research  Service's  publication,  Fish,  Wild- 
life and  Other  Recreational  Benefits  of  Small  Reservoirs  in  Arkansas, 
Kentucky,  and  Maryland." 

In  an  interim  report  prepared  by  the  Fish  and  Wildlife  Service, 
the  net  value  per  man-day  at  a single  purpose  fishing  lake  was  set  at 
$1.00.  The  net  value  per  man-day  at  a flood  prevention,  water  supply, 
and  multiple  purpose  reservoir  was  set  at  $.75. 

The  Fish  and  Wildlife  Service's  interim  report  presents  its  views 
on  the  value  of  fishing  use  of  these  impoundments,  as  follows: 

"The  unit  value  assigned  to  fisherman-use  in  the  two  types  of  im- 
poundments were  based  on  the  Report  of  the  Panel  on  Recreational  Values 
on  a Proposed  Interim  Schedule  of  Values  for  Recreational  Aspects  of 
Fish  and  Wildlife,  approved  by  the  Subcommittee  on  Evaluation  Standards, 
Interagency  Committee  on  Water  Resources,  in  October  1960. 

"The  monetary  values  given  above  do  not  encompass  all  recreational 
values  of  the  fishery  resource  but  represent  a judgment  estimate  of  net 
values  of  recreational  fishing." 

The  criteria  set  forth  by  both  the  National  Park  Service  and  the 
Fish  and  Wildlife  Service  were  used  to  arrive  at  the  estimated  combined 
recreational  benefits  allocated  to  each  sub-watershed.  The  combined 
estimated  recreational  benefits  accruing  to  406  structures  proposed  for 
other  uses  amount  to  $889,000  annually. 

While  this  incidental  benefit  is  significant,  actual  experience  in 
the  recreational  use  being  made  of  water  stored  in  existing  upstream 
structures  in  the  basin  indicates  that  there  will  be  much  greater  parti- 
cipation in  all  water-oriented  sports  than  is  predicted  by  the  use  of 
the  above  criteria,  except  perhaps  water  skiing.  This  will  be  especial- 
ly true  of  swimming.  It  appears,  therefore,  that  the  estimated  recreational 
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benefits  based  on  National  Park  Service  criteria  are  very  conserva- 
tive . 


* 


In  addition  to  the  incidental  benefits  provided  by  the  dams 
selected  to  meet  the  other  needs,  a number  of  structures  were  included 
for  single  purpose  recreation  reservoirs  or  for  recreation  as  a multi- 
ple purpose  use  with  flood  prevention.  All  but  two  of  these  dams  are 
located  on  National  Forest  land  in  Physiographic  Region  Three. 

Two  single  purpose  reservoirs  in  Upper  North  Fork  Shenandoah,  sub- 
watershed No.  33,  have  a combined  storage  of  1,079  acre- feet  and  a sur- 
face area  of  64  acres.  In  Middle  River,  sub-watershed  No.  35,  two 
single  purpose  recreational  reservoirs  have  a combined  storage  of  1,300 
acre- feet  and  provide  a total  surface  area  of  35  acres.  In  Upper  South 
Fork  Shenandoah,  sub-watershed  No.  37,  three  structures  have  a combined 
storage  of  2,368  acre- feet  and  surface  area  of  98  acres.  In  Passage 
Creek,  sub-watershed  No.  39,  the  two  single  purpose  reservoirs  and  one 
multiple  purpose  structure  have  a combined  storage  of  1,677  acre- feet 
for  recreational  use  and  a surface  area  of  111  acres.  The  two  remain- 
ing structures  are  in  Rock  Creek,  sub-watershed  No.  69.  They  are  mul- 
tiple purpose  in  use  and  are  presently  being  planned  for  inclusion  in 
a work  plan  developed  under  the  provisions  of  Public  Law  566. 

25.  PROJECT  DESIGN  CRITERIA 

Generalized  hydrologic  and  structural  design  criteria  were  developed 
as  guides  in  planning  and  estimating  the  costs  of  the  upstream  projects. 
These  criteria,  together  with  the  physical  data  obtained  from  topographic 
maps  and  field  investigations,  are  considered  adequate  for  the  prelimin- 
ary designs  and  cost  estimates.  The  final  design  and  analysis  in  connec- 
tion with  the  preparation  of  detailed  construction  plans  will  require 
more  specific  criteria  and  detailed  data  on  conditions  prevailing  at  the 
individual  sites. 

Storage  requirements.  The  structures  are  designed  to  provide  stor- 
age for  three  basic  purposes:  (1)  sediment  storage,  (2)  conservation 

storage,  and  (3)  flood  prevention  or  f loodwater-re tarding  storage.  The 
lower  portion  of  the  pool  is  used  for  the  accumulation  of  sediment  anti- 
cipated to  be  delivered  over  a 50-year  period.  Until  this  portion  of  the 
pool  is  filled  with  sediment,  the  water  occupying  the  space  is  available 
for  some  other  beneficial  use.  Above  the  sediment  pool,  permanent  stor- 
age is  provided  for  water  supply,  water  quality  control,  recreation,  or 
other  beneficial  uses.  The  top  of  this  permanent  pool  will  set  the  ele- 
vation of  the  crest  of  the  principal  spillway.  Flood-retarding  storage 
is  provided  between  the  crest  of  the  principal  spillway  and  the  crest  of 
the  emergency  spillway. 

The  allowance  for  sediment  storage  was  made  on  the  basis  of  a yield 
of  1/2  inch  from  the  drainage  area  over  a 50-year  period.  Consideration 
of  the  nature  of  the  stream  gradient,  sediment  particle  size,  and  other 
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factors  indicate  that  about  85  percent  of  the  sediment  trapped  will  be 
deposited  within  the  limits  of  the  sediment  pool  and  the  remaining  15 
percent  will  be  deposited  elsewhere  within  the  overall  physical  limits 
of  the  reservoir. 

The  capacity  designated  as  conservation  storage  includes  the  pro- 
vision for  supplemental  flows  for  water  supply;  water  quality  control; 
and  for  recreation,  including  fishing  and  hunting.  This  type  of  stor- 
age is  provided  for  uses  that  involve  long-term  impoundment  of  waters 
and  has  its  greatest  potential  value  when  fully  occupied.  The  conserva- 
tion storage  capacity  was  fixed  by  a generalized  relationship  of  the 
ultimate  storage  potential,  based  upon  the  topographic  features  and 
limits  at  the  site  and  the  water  yield  from  the  drainage  area.  The  de- 
mand curve  for  the  respective  physiographic  regions  was  used  to  compute 
the  3-year  refill  rate  of  the  conservation  pool  at  each  structure. 

For  those  reservoirs  where  water  supply  or  water  quality  control 
was  the  only  project  purpose,  space  was  provided  to  temporarily  store 
3 additional  inches  of  runoff  from  the  drainage  area.  This  represents 
the  runoff  from  a 50-year  frequency  storm.  It  was  concluded  that  it 
would  be  less  costly  to  allow  sufficient  storage  above  the  water  supply 
pool  so  that  vegetated  spillways  would  not  be  used  more  frequently  than 
once  in  50  years  than  it  would  be  to  construct  concrete  spillways  to 
pass  the  storm  water. 

Flood  prevention  storage  provides  for  short-term  impoundment  of  sur- 
plus floodwaters  and  has  its  greatest  potential  value  when  unoccupied. 

Flood  prevention  storage  capacity  was  provided  to  adequately  regulate 
the  design  flood  without  discharge  through  the  emergency  spillway,  assum- 
ing the  sediment  and  conservation  pools  filled  at  the  beginning  of  the 
design  storm  and  assuming  the  flood  regulating  outlet,  or  principal  spill- 
way, to  be  fully  operative  during  the  period  of  flood  impoundment.  Esti- 
mates of  the  hydrograph  for  the  design  flood  were  based  on  regionalized 
rainfall  and  runoff  criteria.  Regionalized  precipitation  values  were  de- 
termined in  accordance  with  rainfall  estimates  published  by  the  U.  S. 

Weather  Bureau.  Maximum  precipitation  amounts  for  a 100-year  frequency 
storm  over  a 25- square  mile  area  are  4.15  inches  for  3 hours,  5.28  inches 
for  6 hours,  6.38  inches  for  12  hours,  and  7.50  inches  for  24  hours.  The 
runoff  associated  with  these  amounts  of  precipitation  varies  with  the 
antecedent  moisture  and  soil-cover  conditions.  It  was  assumed  that  through- 
out the  typical  area  the  5- day  antecedent  rainfall  would  range  from  0.5 
inch  to  1.5  inches.  The  percentage  of  runoff,  based  on  weighted  soil-cover 
complexes  and  average  antecedent  moisture  conditions,  was  found  to  range 
from  75  to  85  percent.  Using  a 6-hour  storm  period  with  the  above  condi- 
tions, the  100-year  frequency  flood  runoff  would  have  a volume  of  about 
4.2  inches.  This  flood  routed  through  the  structure,  assuming  the  regulat- 
ing outlet  to  be  operative,  would  require  a storage  volume  slightly  less 
than  4 inches  of  runoff  from  the  controlled  area  without  discharge  through 
the  emergency  spillway.  Initial  appraisals  of  the  floodwater  storage  ca- 
pacity of  the  upstream  structures  were  adopted  as  being  equivalent  to  a 
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volume  of  at  least  4 inches  of  runoff  from  the  drainage  area. 


Principal  spillway  capacities.  Outlets  considered  in  the  planning 
of  upstream  structures  fall  into  tv;o  general  categories.  These  are: 

(1)  a gated  outlet  for  the  release  of  water  supply  and  supplemental  flow, 
and  (2)  an  ungated  flood-regulating  outlet.  The  first  type  is  required 
in  a single  purpose  water  supply  reservoir  for  regulating  releases  for 
downstream  use  or  in  a multiple  purpose  structure  as  a separate  water 
supply-regulating  outlet.  The  flood-regulating  outlet  is  required  in  a 
single  purpose  flood  prevention  dam  or  in  a multiple  purpose  project 
where  flood  prevention  is  one  of  the  project  purposes.  In  the  case  of 
a multiple  purpose  structure,  both  types  may  be  installed  in  the  riser 
and  discharged  through  a common  outlet. 

Outlet  capacities  for  the  release  of  the  conservation  storage  nor- 
mally are  based  on  the  water  demands  downstream.  For  planning  purposes 
these  release  rates  for  the  upstream  structural  measures  were  based  on 
the  yield- storage  relationship  for  each  individual  structure. 

In  structures  containing  storage  for  flood  prevention,  the  design 
capacities  for  flood-regulating  outlets  were  selected  by  taking  into 
consideration  the  time  required  to  empty  the  flood  pool.  Stage-discharge 
curves  were  developed  for  each  site,  based  on  the  size  of  pipe  needed  to 
empty  the  flood  pool  in  a 5-day  period  beginning  at  the  cessation  of 
flood  runoff. 

Emergency  spillway  capacities.  The  flood  flows  used  in  computing 
emergency  spillway  capacities  were  based  on  general  storm  phenomena  and 
probable  maximum  precipitation  data  supplied  by  the  U.  S.  Weather  Bureau, 

The  hydrograph  selected  for  estimating  the  emergency  spillway  dis- 
charge, adjusted  in  accordance  with  the  flood  storage  available  and  the 
discharge  rate  through  the  principal  spillway,  is  termed  the  "spillway 
design  hydrograph."  In  establishing  the  spillway  design  hydrograph  to 
be  used  to  proportion  the  emergency  spillways  of  upstream  dams,  consider- 
ation was  given  to  three  conditions  of  flood  plain  development,  as  follows: 

(1)  Between  20  and  30  percent  of  the  probable  maximum  6-hour  preci- 
pitation should  be  used  where  downstream  reaches  are  limited  to  woodland, 
open  farmland,  and  secondary  rural  roads.  This  type  of  use  results  in  low 
damage  potential. 

(2)  Between  30  and  50  percent  of  the  probable  maximum  6-hour  preci- 
pitation should  be  used  where  the  proposed  sites  are  some  distance  above 
human  habitation  and  where  the  development  in  the  flood  plain  consists 
of  farm  buildings  (exclusive  of  homes),  public  utilities,  main  highways, 
and  minor  railroads.  This  type  of  use  results  in  average  damage  potential. 

(3)  Between  50  and  70  percent  of  the  probable  maximum  6-hour  preci- 
pitation should  be  used  where  damage  potential  is  high.  This  would  involve 
urban  or  suburban  habitation  in  downstream  reaches  and  high  average  property 
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damages  consisting  of  homes,  industrial  and  commercial  buildings,  major 
through  ways,  and  mainline  railroads. 

Moisture  condition  II,  or  average  moisture  conditions,  is  used  in 
all  three  cases. 

Freeboard  requirements  for  the  upstream  dams  were  based  on  a 6- foot 
minimum  height  above  the  crest  of  the  emergency  spillway.  The  spillways 
■were  proportioned  to  provide  maximum  stage  of  approximately  3 feet 
above  the  emergency  spillway  control  section  when  routing  the  spillway 
design  flood  through  the  flood  pool,  assuming  the  initial  water  level 
in  the  flood  pool  be  that  reached  by  a 5- day  drawdown  through  the  prin- 
cipal spillway  following  a 50-year  frequency  flood.  Three  feet  of  ad- 
ditional freeboard  were  provided  above  the  maximum  flood  pool  stage  cre- 
ated by  the  spillway  design  storm  to  prevent  damage  from  wave  overtopping 
and  as  an  additional  factor  of  safety. 

Pool  area.  The  pool  area  required  will  be  the  area  inundated  at 
an  elevation  3 feet  above  the  crest  of  the  emergency  spillway.  The  area 
up  to  the  elevation  of  the  crest  of  the  principal  spillway  riser  will 
be  cleared  of  trees  and  brush.  It  was  considered  that  roads  and  utili- 
ties in  the  reservoir  area  would  need  to  be  raised  or  relocated. 

Structural  criteria  for  dam.  The  elevation  of  the  top  of  the  dam 
was  taken  as  the  maximum  pool  elevation  plus  3 feet  of  additional  free- 
board, as  described  above.  It  was  assumed  the  available  material  for 
the  earth  embankment  would  be  properly  graded  to  obviate  the  use  of 
special  impervious  core.  The  side  slopes  of  3 on  1 upstream  and  2.5  on 
1 downstream  were  adopted  as  generally  acceptable  for  earth  embankments, 
which  will  be  protected  from  erosion  by  seeding  to  adapted  grasses  or  by 
riprapping  at  vulnerable  points.  Figures  8 through  12  give  detailed 
structural  design  for  a multiple  purpose  dam. 

Structural  criteria  for  spillways.  Principal  spillways  are  to  be 
designed  as  reinforced  concrete  risers  in  the  pool  and  a precast  pipe 
or  monlithic  conduit  through  the  dam  at  streambed  level.  The  conduit 
size  will  be  large  enough  to  carry  the  design  release  rate  plus  the  av- 
erage low  flow  in  the  stream  immediately  above  the  dam,  but  in  no  case 
less  than  24  inches  in  diameter.  The  riser  in  the  pool  is  designed  with 
an  anti-vortex  device  and  a gate  to  permit  low  flow  releases  and  drain- 
ing the  pool.  Figures  13  through  16  show  details  for  spillways  for  a 
multiple  purpose  structure. 

The  vegetated  emergency  spillways  are  designed  as  a broad- crested 
weir  of  sufficient  width  to  pass  the  required  spillway  design  flood. 

They  are  constructed  in  earth  for  critical  velocities  not  to  exceed  the 
permissible  velocity  for  the  soil  at  the  site  and  the  vegetation  to  be 
established.  For  higher  velocities,  reinforced  concrete  is  to  be  used 
in  construction  unless  the  spillway  is  excavated  in  rock.  The  earth 
spillway  will  not  be  brought  into  operation  until  a storm  occurs  which 
exceeds  a 50-  or  100-year  frequency,  depending  upon  the  design  criteria 
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used  for  the  particular  structure. 

26.  ESTIMATES  OF  COSTS  AND  BENEFITS 

Estimates  of  costs.  The  large  number  of  upstream  structural  meas- 
ures under  consideration  required  a simplified  procedure  for  making  in- 
itial cost  estimates  of  each  structure  as  a basis  for  identifying  those 
worthy  of  further  consideration  and  to  avoid  unnecessary  examination  of 
those  dams  which  would  lack  economic  justification  or  would  result  in 
excessive  storage  costs.  The  estimating  procedure  had  to  be  applicable 
for  use  with  only  limited  data  available  for  any  specific  site.  The 
intended  use  also  made  it  necessary  that  the  procedures  take  advantage 
of  some  generalisations.  The  derived  cost  estimates  were  based  on  the 
design  criteria  discussed  in  the  preceding  paragraphs. 

The  cost  estimates  for  individual  sites  assumed  normal  construction 
costs  where  average  conditions  of  development  existed  in  the  protected 
flood  plain  area  and  where  it  \<jcls  practical  to  impound  sufficient  flood 
prevention  storage  to  permit  the  use  of  a sod- lined  emergency  spillway. 
For  sites  upstream  from  reaches  with  high  damage  potential,  or  where 
concrete-lined  spillways  would  be  needed,  estimates  were  made  separate- 
ly based  on  designs  embodying  greater  structural  safety. 

Cost  estimates  for  structures  that  had  water  supply  or  water  qual- 
ity control  storage  as  a project  purpose  were  made,  allowing  for  the 
cost  of  providing  sufficient  storage  above  the  water  supply  pool  to 
temporarily  store  3 inches  of  runoff  from  the  drainage  area.  In  the 
estimating  of  the  first  cost  the  storage  was  in  lieu  of  providing  for 
the  construction  of  a concrete  spillway. 

The  first  cost  of  the  structure  was  based  on  the  sum  of  the  follow- 
ing four  items  of  costs: 

(1)  cost  of  dam  and  principal  and  emergency  spillways  (including 
20  percent  contingencies) 

(2)  seeding  and  fencing 

(3)  engineering  and  administration  --  25  percent  of  (1)  and  (2) 

(4)  lands  and  relocations  costs 

After  determination  of  the  estimated  first  cost,  the  estimated  an- 
nual equivalent  cost  was  computed  as  4 percent  of  the  total  first  cost. 
This  provided  for  interest,  amortization,  and  operation  and  maintenance. 

Estimates  of  benefits.  Benefits  expected  to  accrue  to  the  proposed 
plan  of  development  result  from:  (1)  provisions  of  immediate  and  future 

water  supply  storage  for  use  in  the  upstream  area,  (2)  water  stored  for 
water  quality  control,  (3)  reduction  of  flood  plain  damages  and  enhance- 
ment of  flood  plain  lands,  and  (4)  new  or  improved  recreational  facilitie 
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16 

— 

POTOMAC  RIVER  FLOOD  PREVENTION  PROJECT 
NEW  CREEK  SITE  NE-P*I4 
MULTIPLE -PURPOSE  DAM 
GRANT  COUNTY.  WEST  VIRGINIA 
CRADLE -COLLAR-TRASH  RACK-MISC.  DETAILS 

U S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 

J.V.  RISZOORFER  JULY'62 

W.H.  MORGAN  JULY'62 

L R.  BECK  SEPT  '<4 

Figure  16 
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The  water  supply  benefits  would  accrue  from  increased  quantities 
and  quality  of  water  made  available  as  the  result  of  the  installation 
of  the  proposed  structures  in  the  plan  discussed  earlier  under  Water 
Supply  and  Water  Quality  Development.  These  benefits  were  assumed  to 
be  equal  to  the  costs.  This  procedure  was  in  lieu  of  measuring  the 
benefits  as  the  cost  of  obtaining  the  same  quantity  and  quality  of  wa- 
ter by  the  cheapest  alternative  means  that  would  most  likely  be  de- 
veloped by  the  potential  water  users  in  place  of  the  proposed  reservoir. 
In  most  instances  the  alternative  means  would  be  another  structure  in 
the  sub- water shed. 

An  order  of  merit  was  established  for  each  reservoir  based  on  the 
cost  per  cubic  foot  per  second  of  supplemental  flow.  By  using  the  more 
efficient  structures  and  assuming  a benefit-cost  ratio  of  1.0  to  1.0, 
the  results  were  somewhat  more  conservative  than  would  result  in  using 
the  cheapest  alternative  means.  This  would  result  in  claiming  as  bene- 
fits the  cost  of  the  cheapest  alternative  structure  or  group  of  struc- 
tures needed  to  supply  the  demand.  Assigning  monetary  benefits  to  the 
water  supply  and  water  quality  development  made  it  possible  to  compare 
the  potential  benefits  of  storage  in  the  upstream  reservoirs  and  in  ma- 
jor reservoirs  to  determine  possible  alternates  or  additions  required 
to  meet  the  overall  basin  water  needs. 

The  flood  prevention  benefits  were  based  on  reductions  of  flood 
plain  damages  and  more  intensive  use  of  the  flood  plain  that  would  re- 
sult from  the  construction  of  the  proposed  plan  of  improvements.  The 
damage  reduction  benefits  were  determined  as  the  difference  between 
the  estimated  average  annual  damages  with  and  without  the  proposed 
projects.  Land  use  projections  were  made  for  two  conditions:  (1)  use 

expected  to  be  made  of  the  flood  plain  lands  if  no  flood  prevention 
project  were  installed,  and  (2)  expected  use  of  the  flood  plain  lands 
with  a flood  prevention  project  installed.  All  projections  were  made 
in  percentage  of  the  flood  plain  land  expected  to  be  in  the  following 
uses:  (1)  crops,  (2)  pasture,  (3)  woodland  and  idle,  and  (4)  other. 

In  some  instances  it  was  necessary  to  sub-divide  the  cropland  into 
truck  or  other  specialty  crops  and  those  such  as  hay,  corn,  and  small 
grain  in  support  of  the  livestock  enterprises.  The  land  use  projec- 
tions prepared  by  the  Economic  Research  Service  and  present  land  use 
determined  from  the  field  reconnaissance  data  were  used  as  a guide. 

Other  data  used  in  making  the  projections  include  the  population  pro- 
jections and  urban  expansion  estimated  to  occur  by  2010,  the  expected 
level  of  agricultural  stability,  and  the  level  of  protection  that  the 
structural  program  would  provide.  In  most  cases  it  was  assumed  that 
the  rural  non- farm  development  would  be  relatively  uniform  throughout 
the  basin. 

The  estimated  total  average  annual  flood  prevention  benefits  with- 
in a sub-watershed  were  considered  as  one  evaluation  unit.  Therefore, 
the  benefit-cost  ratio  applies  to  the  combined  costs  and  benefits  ac- 
cruing to  the  structures  proposed. 
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Recreational  benefits  expected  to  accrue  from  the  proposed  water 
resource  development  plan  were  evaluated  by  the  National  Park  Service 
and  the  Fish  and  Wildlife  Service.  The  evaluation  criteria  were  dis- 
cussed previously. 

In  addition  to  the  benefits  evaluated,  there  will  be  certain  in- 
tangible benefits  which  are  not  susceptible  to  direct  monetary  evalu- 
ation. Benefits  to  the  general  welfare,  economy,  and  security  of  the 
people  of  the  basin  cannot  be  pre- determined,  nor  evaluated  in  monetary 
terms . 

Table  20  gives  the  total  first  cost,  average  annual  equivalent 
cost,  and  benefits  by  project  purpose  for  the  upstream  structural  meas- 
ures proposed  in  the  plan  for  the  i^ater  resource  development  of  the  ba- 
sin. The  incidental  recreation  benefits  are  included  with  the  other 
project  purposes. 

Table  20  - Total  First  Costs,  Average  Annual  Equivalent  Costs,  and 
Average  Annual  Benefits  for  Upstream  Structural  Measures 

Potomac  Pviver  Basin 


Project  purpose 

First  cost 

Average 
annual 
costs  1/ 

Average 

annual 

benefits 

Flood  prevention 

$ 51,684,900 

$2,067,400 

$3,748,600 

Water  supply 

8,748,500 

349,900 

463,200 

Water  quality  control 

42,340,200 

1,693,600 

1,874,800 

Recreation 

1,981,300 

79,300 

94,000 

Totals 

$104,754,900 

$4,190,200 

$6,180,600 

1/  Includes  O&M. 


27.  SUMMARY  OF  THE  PLAN  FOR 

UPSTREAM  STRUCTURAL  MEASURES 

Table  21  summarizes  the  pertinent  data  for  the  418  upstream  struc- 
tures included  in  the  plan.  The  data  as  presented  are  for  each  individual 
structure,  totals  for  the  sub-water sheds , and  a grand  total  for  the  ba- 
sin. Figure  17  shows  the  location  and  the  project  purpose  of  each  in- 
dividual structure.  The  map  is  folded  in  the  back  cover  pocket. 
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Table  21  - Upstream  Structural  Measures,  Potomac  River  Basin 
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Table  21  (cont.)  - Upstream  Structural  Measures,  Potomac  River  Basin 
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158  591  642  1,917  13,390  1,968,750  1,968,750 


Table  21  (cont.)  - Upstream  Structural  Measures,  Potomac  River  Basin 
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Table  21  (cont.)  - Upstream  Structural  Measures,  Potomac  River  Basin 
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Elevation  ' Surface  Area  * Total  Storage  ‘ First  Cost 

Site  :Drainage:  : Top  : Top  • ; :Conser-: Flood  : : : : Water  : : : : Water  : : : 

no.  area  Flood  sediment  conser-  Spillway  Sediment  vation  prev.  Maximum  Water  quality  Flood  Recre-  Water  quality  Flood  Recre-  Total 

: :plain:  pool  :vation  : crest  : pool  : pool  :pool  : pool  : Sediment: supply  : control  : prev.  : ation  : supply  : control  : prev.  : ation  : cost 
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60-27  2.3  220  224  237  15  27  34  61  429  40,000  40,000 
60-30  3.5  228  252  277  6 14  19  93  653  140,000  140,000 
60-35  9.4  450  459  486  501  180  212  251  376  3,380  2,000  31,017  279,158  164,825  475,000 
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Elevation  * Surface  Area  ' Total  Storage  * First  Cost 

Site  : Drainage:  : Top  : Top  : : rConser-: Flood  : : : : Water  : : : • Water  ! • i 

no.  area  Flood  sediment  conser-  Spillway  Sediment  vation  prev.  Maximum  Water  quality  Flood  Recre-  Water  quality  Flood  Recre-  Total 

: :plain:  pool  :vation  . crest  : pool  : pool  :pool  : pool  : Sediment: supply  : control  : prev.  : ation  : supply  : control  : prev.  : ation  : cost 
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® Flood  Prevention  Site 
® Water  Storage  Site 
® Recreation  Site 
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